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INTRODUCTION. 



The present Treatise is written for the purpose of pro- 
viding the practical man with some simple rules for the 
delineation of various geometrical figures and for their 
application to useful and ornamental purposes. In a work 
upon ' Practical Geometry ' no demonstration is given of 
the rules laid down, the results only of scientific investi- 
gation being explained. 

Geometrical figures were undoubtedly made use of for 
building and other purposes long before any demonstra- 
tions or investigations of their properties were attempted ; 
since we find examples in ancient temples of the use of 
parallels, right- angles, oblongs, squares, circles, conic sec- 
tions, spirals, and other figures, long before any treatises 
upon geometry were written to investigate their properties. 
When, however, logical deduction was brought to bear 
upon geometry, and it was thereby formed into a ' science,' 
a large number of valuable properties were discovered that 
were hitherto unknown, and the modern appUcation of 
analysis to geometry has greatly extended our knowledge 
of this science. 

In the following pages all abstruse formulae or compli- 
cated methods have been avoided, the rules laid down being 
rendered as simple as possible so as to enable persons with 
very moderate knowledge of geometry to work out the 
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IV INTRODUCTION. 

various problems and processes with the simplest instru- 
ments usually at command. 

In the first chapter the various combinations of straight 
LINES are given, the circle being used, however, as a neces- 
sary aid to the ready solution of the problems. 

The second chapter is devoted entirely to the circle and 
the various problems that arise in connection therewith, 
including its application to architectural purposes as well as 
to the drawing of polygonal figures. 

The curves known as the conic sections are treated in 
the third chapter; the object being to enable the prac- 
tical man to apply those curves with the greatest possible 
facility ; and several of their uses in architecture are also 
Suggested. The curve formed by a rope or chain sus- 
pended at two points, called the catenary, is introduced at 
the end of this chapter, although in no way connected with 
the conic sections. 

In the fourth chapter some of the curves known to 
mathematicians as curves of flexure are discussed, and 
rules given for drawing and applying them to architectural 
purposes. These curves have the form of the letter S or 
of the figure 8, and are frequently employed for the contour 
of mouldings and arches. It is, however, too often the 
case, that instead of a true mathematical curve being 
employed, a rough imitation is substituted by drawing two 
arcs of circles turned in opposite directions and meeting at 
the line joining their centres. This method is, however, 
quite contrary to the principle of curves of flexure in which 
the curvature becomes flatter and flatter as the point of 
contrary flexure is approached, and merges into a straight 
line at the actual bending point. Such a curve cannot 
therefore be imitated by arcs of circles, and it is far better 
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to draw it by hand through ' points ' found upon its con- 
tour, unless a method of * continuous motion ' can be readily 
employed. 

The fifth chapter is devoted to a large and important 
class of curves known as spirals. Some few of these can 
be drawn by ' continuous motion,' but in all cases methods 
of finding ' points,' and of drawing the curve through those 
points either by hand or by the compasses are carefully 
laid down ; so that they can be as accurately drawn as 
is necessary in practice by aid of a drawing board, X 
square, set squares, and a scale of parts. On account 
of the frequent use of spirals in decorations, the author has 
been at considerable pains to make the delineation of them 
in great variety as easy as possible to those who have but 
small knowledge of mathematical science. 

The sixth chapter explains the methods that may be em- 
ployed for describing and applying the curves known under 
the name of cycloids, some of which may be used in archi- 
tecture and in the mechanical arts. 

There are numerous other curves known to mathema- 
ticians which have not been touched upon in the present 
work, the author having confined himself to those which 
appeared to him of most practical utility to the class of 
readers, for whom it is intended.. 



NOTE TO THE SECOND EDITION. 



The present Edition has been enlarged by the addition of 
Appendices containing a brief notice of the method of 
applying geometry to the determination of the strains in 
framework, and of the principles of isometrical projection. 
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CHAPTER I. 

THE STRAIGHT LINE. 

Lines. 

1. Definitions. — A mathematical point is a position in 
space of which no part can be taken ; a mathematical line 
is formed by the motion of a point in space ; when the 
motion is always in the same direction, a right or straight 
line is produced. A physical line is drawn by the motion 
of the point of a pen or pencil over any surface. A mathe- 
matical surface is produced by the motion of a line in any 
direction ; when the moving line is straight and the inotion 
all in one direction, the surface is called a plane. When 
a portion of a surface is entirely enclosed by a line or Unesi, 
the boundary is called the perimeter or circumference^ 
When two right lines meet together at a point they are said 
to form an angle with each other, which is greater or less 
according to the amount of turning or inclination which 
one line makes with the other ; for example, the angle 
A O C (fig. 1) which O C makes with A is greater than 
ti^e angle A B which B makes with A. Let a circle be 
drawn from O as a centre and with any radius, then the 
angle at is measured by the arc which it subtends, the 
arc and the angle increasing and decreasing together ; when 

B 



4^ 



PRACTICAL GEOMETRY. 



the angle CO A is double the angle BOA, the arc AC is 



Fig. 1. 




twice as long as the arc A B. If 
the line A O is produced to any 
point E, and the perpendicular 
O D is set up so as to make the 
angle A D equal to the angle 
E O D, then each of these angles 
is called a right angle. The 
angle A B, which is less than 
a right angle is called an acute angle, and the angle A C, 
which is greater than a right angle, is, called an obtuse 
angle. An angle is said to be included by the two lines 
forming it. The point Ois called theuert&c or angular point 
of the angles A O C, A D, A O B. 

2. To divide a right line of given length into two or more 
equal parts. — Let AB (fig. 2} be the given line. From 
the points A and B as centres, and 
with any radius, B G or A F, greater 
than half the length of A B, de- 
scribe circles cutting each other in 
D and E ; then the straight line 
D C E wHl bisect A B in C, making 
CA equal to OB; also DC will 
be perpendicular to A B, the angles 
A C D and BCD being equal. 

If we bisect each of the equal 
parts A C and B C in the manner 
bove described, we shall have the 
line A B divided into four equal parts ; and if each of these 
is again bisected the hne will be divided into eight equal 
parts. In this manner we can divide a line into any num- 
ber of equal parts, that number beidg a power of two, as 4, 
8, 16, 32, and so on. 
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When the given line is too long to allow of the arcs beirig 
struck from the two ends, its middle point can be found by 
measuring equal distances A G and B F from each end, and 
then bisecting, by the fcwegoing method, the line between 
the points F, G in the point C which will also be the middle 
point of the given line AB. 

3. From a given point in a given right line to erect a 
perpendicular. — Let C (fig, 2) be the given point in the 
given line A B. From C as a centre and with any radius 
CA describe a circle cutting the line in A and B. Fmm A 
and B as centres, and with any radius A F greater than A C, 
describe circles cutting each other in the points D and E ; 
then the right line D C E will be perpendicular or at right 
angles to A B. 

Another method. 

Let CAB (fig. 3) be the given Une, A the given point. 
Take any length A D and measure A C equal to three times 
A D, and A B equal to four pig. 3_ 

times A D. From A as a cen- 
tre, and with AC for radius, 
describe a circle ; from B as a 
centre and with B B as a -ra- 
dius, draw an arc cutting the 
circle in the point E, Then 
the straight line E A is perpendicular to A B. 

This method is used by surveyors in setting out a 
right angle ; let a cord or measuring tape be held tight at 
three points so as to form a triangle ABE, having the 
lengths of its sides in the proportion of 3, 4, and 5 ; then 
the angle B A E, which is opposite the longest side or hypo- 
tenuse B E, will be a right angle. 

4. To draw a perpendicular to a given right-line from a 
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given point outside of it. — Let AB {fig. 4) be the given 
Tig. 4. line, C the given point. Take 

any point X on the opposite 
side of the Une to that on which 
C lies, and join CX. From C 
as a centre, and vi-ith CX for 
radius, describe a circle cutting 
the given line in the points A 
and B; join AC, BC. From 
A and B as centres, with A as 
radius, describe circles intersect- 
ing in C and D ; draw C D 
cutting A B in the point H, then the line C H D is perpen- 
dicular to A B. 

In applymg this process to surveying, it is only necessary 
to measure two equal lengths from C to A B, namely, C A 
and C B, and to bisect the line A B in H ; then the line 
H C will be perpendicular to A B. 

B. From a given point to draw a right line equal in length 
to a given line. — Let A B (fig. 5) be the given line, C the 
given point. Join A C. From 
A and C as centres, and with 
A C for radius, describe circles 
cutting each other in the point 
D ; join D C and D A. From 
A as a- centre, and with A B 
as a radius, describe a circle 
and produce DA to meet it 
in E. - From D as a centre, 
and with D E for radius, describe a circle, and produce D C 
to meet it in F ; then F is equal to A B, and is drawn 
from the given point C. 
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0. From the longer of two unequal right tines to cut 
of a part equal to the shorter. — Let A B (fig. 6) be the 
longer of the two lines, from which it Fig. 6. 

i8 required to cut off a part equal to 
C the shorter. From the point A 
draw in any direction the line A D 
equal to C (b). From A as a centre, 
and with radius A D, describe a cir- 
cle cutting A B in E ; then A E is equal in length to C. 




Akgles. 

7> To construct an angle equal to a given angle. — Let 
BAG (fig. '7) be the given angle made by the two lines 
A B and A C meeting at A. From pjg_ 7, 

A as a centre and with any radius 
AB, describe a circle cutting AB 
and AC in B and C; join BC. 
Draw any right line D E, and from 
D as a centre, with a radius equal to 
AB, describe a circle cutting DE 
in the point E. From E as a centre, 
with a radius equal to B C, describe 
an arc cutting the circle in the point F. Join F D ; 
then the angle F D E is equal to the angle BAG. If D E ia 
parallel (iz) to A G, then D F will be also parallel to A B. 

8. To divide a given rectilinear angle into two or more 
equal angles. — Let BAG (fig. 8) be the ^ven angle made 
by the Imea A B and A G. From A as a centre, with any 
radius A B, describe a circle cutting the lines in B and C ; 
join B and C. From B and C as centres, and with B as 
a radius, describe circles intersecting at the point D. 
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Join A D ; then the angle B A C is bisected or divided 
into two equal angles by the line A D, 

In practice it is sufficient to bisect the line B C (Z) in the 
Fig. 8, point E, and the line E A 

bisects the given angle. 

If we bisect in the 
same manner each of the 
angles B A E, C A E, then 
the given angle BAG will 
be divided into four equal 
angles, and as each of 
these again can be bisected, the angle will be divided into 
eight equal angles ; and in this way we can subdivide an 
angle into any number of equal angles, that number being 
a -power of two, as 4, 8, 16, 32, and so forth. 

We cannot divide an angle mathematically into any odd 

number of equal parts, but practically this can be done as 

nearly as we please by dividing the arc B C by means of 

dividers, or by the use of an instrument called a protractor. 

9. To divide a right angle into three or more equal 

8. — Let AO B (fig. 9) be the given right angle. From 

as a centre, and with any radius OA, 

describe a circle ; and from A and B 

as centres, with the same radius, draw 

arcs, cutting the circle in the points C 

and D.- Join C O and D O ; then the 

angles AOC, COD, DOB are all 

equal. 

Also, since we can bisect each of 
the angles AOC, COD, DOB (8), and divide them into 
any number of equal parts being a power of 2 ; we are 
enabled to divide a right angle into 3, 6, 12, 24, 48 equal 
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parts, or any number being a product of 3 and a power 
of 2. 

The half, quarter, eighth, and so on, of a right angle can 
be subdivided in the same way, for one-sixth of a right 
angle is one-third of half a right angle ; and one-twelfth of 
a right angle is one-third of a quarter of a right angle ; and 
so forth. 

10. To divide a right angle into five or fifteen equal 
parts. — Let the line A E {fig. 10) be at right angles to A B. ' 
Take any length AB, Fig. lo. 

and divide it at C in ex- 
treme and mean ratio \ 
(19). From A as 
centre, with radius A B, I 
describe a circle, and 
from B as a centre, with 
A C for radius, draw an j 
arc cutting the circle in 
D. Join DA, then the 
angle D A B is one-fifth of two right angles, or two-fifths 
of one right angle ; bisect the angle DAB (8) by the line 
AT, and the angle BA P is one-fifth of the right angle 
E AB. Divide the angle F A E into four equal parts by the 
lines DA, J A, HA, and the right angle will be then 
divided into five parts, each equal to F A B. 

To divide the angle B A E into fifteen equal parts : draw 
the circle B D E from A as a centre ; then from E as a 
centre, with E A for radius, draw an arc cutting the circle at 
G ; join G A. Then GAB is one-third or five-fifteenths of 
a right angle, and DAB being two-fiftha or six-fifteenths 
of a right angle, consequently the angle GAD is one- 
fifteenth of the right angle. By measuring D G along the 
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quadrant B E, we can divide it into fifteen equal parta, and 
hence the right angle can also be divided into fifteen equal 
parts. Since each of the five or fifteen parts can be divided 
by two, four, eight, &c., it is possible to divide the right 
angle into five, ten, fifteen, twenty, thirty, and any other 
number of equal parts, being a product of five or fifteen 
into a power of two. 

11, From two given points to draw two right lines meeting 
a given right line in the same point and making equal angles 
therewith. — Let A and B 
(fig. 11) be the given 
points, CE the given 
line. If A and B are 
on the same side of the 
given line, then draw 
from one of them, as A, 
the line AC at right 
. angles to C E (4) ; produce A C to D, making C D equal to 
C A. Draw D B, cutting the given line at E, and join A E ; 
then the fines A E and B E make equal angles at E, with 
the line C E. 

If the given points, as B and D, are on opposite sides of 
the given line, draw D B cutting the line at E, then D E 
and B E make equal angles at E with the given line. 




Parallels. 

la. Definitions. — Two right fines which lie in the same 
plane are said to be parallel to one another when their dis- 
tance apart is everywhere the same, so that however far they 
may be produced in either direction they will never meet. 

If two fines sire each parallel to a third line, they are 
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parallel to one another. If two lines which are parallel 
are also of equal length, the right lines which join the 
adjacent extremities of those lines will be themselves equiU. 
and parallel If the lines AB aijd EP (fig. 12) are parallel 
and any line CD is drawn across them, then the angles 
ECD, CDB are equal, and the angles ADC, DCF are 
also equal ; these angles are called alternate angles. The 
sum of the two angles F C D, CDB is equal to two right 
aisles, and the sum of the angles ECD, C D A is also 
equal to two right angles. 

13. To draw a right line through a given point and 
parallel to a given line. — Let AB (fig. 12) be the given 
line, C the given point. Draw pig. 12, 

any right line CD, cutting AB in 
D ; and from D and C as centres, 
with DC as radius, describe cir- 
cles CH and DE. Let the arc 
CH cut AB in H, and join CH. 
Then from D as a centre, and with 
H C as radius, describe an arc cutting the circle D E in E. 
Draw the right line C E, which will be parallel to the given 
fine. A B. 

Another method is to draw C B perpendicular to A B 
(4), and then to draw E C perpendicular to C B ; EC will 
be parallel to A B. This is a rule that is readily available 
for setting out parallel lines upon tiie ground. 

When an instrument for setting out angles is used, we 
have only to make the angle ECD equal to tbe angle 
C D H, and the lines E C and A B will be parallel. 

The line C B perpendicular to both the parallels repre- 
sents the shortest distance between them, which is always 
of the same length for the same pair of parallels. 
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Proportion. 



14. Definitions. — ^A greater magnitude is said to be a 
multiple of a lesser one of .the same kind, when the greater 
contains the less a certain number of times exactly. Thus 
the numbers 4, 6, 8, &c., are multiples of 2. Equi-multiples 
of two different quantities are when those quantities are 
taken the same number of times ; thus, the numbers 4 and 
6 are equi-multiples of 2 and 3, 4 being twice 2, and 6 
twice 3. 

Ratioj proportion^ or relative magnitude, is a mutual rela- 
tion of two magnitudes of the same kind to one another, 
with respect to the number of times that one is contained 
in the othen If there be four magnitudes, and any equi- 
multiples whatsoever of the first and third be taken, and 
also any equi-multiples whatsoever of the second and fourth 
be assumed ; if, according as the multiple of the first is 
greater, equal to, or less than the multiple of the second, the 
multiple of the third is also greater, equal to, or less than 
the multiple* of the fourth ; then the first is said to have to 
the second the same ratio or proportion as the third has to 
the fourth. 

Magnitudes which have the same ratio to one another are 
csRed proportionals. If there are three quantities, and the 
first has to the second the same ratio as the second has to 
the third, then the last is called a third-proportional to the 
first and second, and the second is called a mean-proportional 
between the first and third. If there are four quantities, and 
the first has to the second the same ratio as the third has to 
the fourth, then the last is called a fourth-proportional to 
the rest, and the second and third are two m^anrpropor- 
tionals between the first and fourth. 
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- When four magnitudes are proportional, it is usual to 
say that the first is to the second as the third to the fourth ; 
or, the first contains, or is contained in, the second the same 
number of times, or parts of a time, as the third contains, 
or is contained in, the fourth. 

When a right hne A B (fig. 10) is divided into two un- 
equal parts at C, so that the ratio of the whole line A B to 
the larger part A C is the same as that of the lai^r part 
A C to the lesser part C B, the line is said to be cut in 
extreme and mean ratio by the dividing point C. 

The sum of two or more quantities is the quantity ob- 
tained by adding them together. The difference of two 
quantities is the amount by which one exceeds tiie other. 

IS. To find a third-proportionat to two given right lines. 
— Prom any point A (fig. 13) draw two lines AC, A E, 
making an acute 
ai^le with each 
other. On A C 
take AB equal to 
the first and B C 
to the second of 
the given lines. On 
A E take A B equal 
toBC. Join BD, 
and draw OB pa- 
rallel (13) to B D ; then D E is the third-proportional to 
AB and AD, or, AB is to AD (or BC) as AD is to 
DK 

19. To Jmd a fourth-proportional to three given right 
lines. — ^From any point A (fig. 14) draw two right lines 
AC and AE, making an acute angle at A. Take AB 
equal to the first of the given lines, B C to the second, and 
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AD to the third. Join B D, and draw CE parallel (13) 
Fig. 14. to BD. Then DE is 

i\ie fourth-proportional to 
the lines A B, B C, A D ; 
or, A B ia to B C as A D 
to D E, which is generally 
written thus : 
AB: BC :: AD : DE. 

17, To find a mean-proportional between two given right 
lines. — Draw any straight line AC (fig. 15), and on it take 

A B and B C equal to the 

Fig. 15. . , ^ 

two given hnes. Bisect A C 
in the point D, and from D 
aa a centre, with D A as 
radius, describe a circla At 
B erect the line B E perpen- 
dicular to A C (3), meeting 
the circle in the point E. 

Then B E ia a mean-proportional between A B and B C ; 

or, AB : BE : : BE : B C. 

18. To divide a right-line of given length into any 
number of parts. — Let A B (fig. 16) be the given Une. 

Fig. 16. From A draw a line 

AC making any angle 
with A B. Measure by 
any scale the lengths 
AD, DE, EC, in the 
proportion of the re- 
quired divisions. Join 
CB, and draw E F, D G, parallel to CB; then the line 
A B is divided at G and F similarly to the line A C, and 
the divisions AG, G F, F B have the same ratio to one 
another as A D, D E, and E C have to each oUier. 
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In this way the Hne A B can be divided into any num- 
ber of equal or unequal parts, by setting off on the Fine A G 
the same number of parts in the proportions required. If 
the divisions on A C are all equal, then those on AB will also 
be equal to one another ; if the divisions on A C are in any 
such proportion as the numbers 2, 3, 4, then those on 
A B will bear the same proportion to each other. 

19. To divide a given finite right-line in extreme and 
mean ratio. — Let AB (fig. 17) be the given line; bisect 
it in C. Draw A E perpendicu- Fisf. 17. 

lar to A B (3), and make A E 
equal to A C. Join E B, and 
produce E A to D, making E D 
equal to E B. On A B cut off 
A F equal to A D, and the point 
F will' divide the line A B as 
required ; or, we have : 
AB : AF : : AF : B F. 

ZO. To produce a given finite right-line so that the whole 
line thus produced shall be divided in p; jg 

extreme and mean ratio by the end 
of the given line next the produced 
part.— Lei A B {fig. 18) be the 
given line, bisected at C. Draw 
C D at right angles to A B, and make 
CD equal to AB. Join AD, 
and produce A B to E, making C E 
equal to A D. Then the line A E 
is divided in extreme and mean ratio 
by the end B of the given line A B ; 
or, we have : 

A E : A B : : A B : 
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Zl. Defhtitions. — A given right line, as A B (fig. 19) ia 
said to be harmonically divided, when two points C and D, 
one within the line, and the other in the line produced, 
are so placed that A C ; C B : ; AD : DB. C D is called 
an harmonic m.ean between A D and B D. 

22. To divide a given ri<jht-line harmonically. — Let 
Fl(t. 19. AB {fig. 19) be the 

given line divided at 
the point C ; it is re- 
quired to find the point 
D, in A B produced, 
so placed that AD : 
DB : : AC : CB. 
On A B construct 
any triangle A E B, and join E C. Take any point upon 
EC, and draw BOF, cutting AE in F. Draw AOG 
cutting BE in G. Through F and G draw a Une cutting 
A B produced at the point D ; then A D : D B : : A C : 
C B ; or A B is harmonically divided by C and D. 

Eectilineab Figuees. 

Z3. Definitions. — ^A figure is a portion of surface en- 
closed on all sides by a line or lines, which is termed the 
boundary or perimeter. When the boundary consists of 
straight lines it is a rectilinear figure, which cannot be 
formed by less than three straight lines. A plane surface 
enclosed by three right lines is called A triangle or trilateral 
fi^re : a triangle which has two equal sides is termed 
isosceles ; and if all three sides are equal it is an equi- 
lateral triangle ; when one of the angles is a right angle 
it is called a right-angled triangle, as A D (fig. 1) ; if one 
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angle is greater than a right angle, it is an obtuse-angled 
triangle, as A C (fig. 1) ; and if each of the angles is less 
than a right angle, it is an acute-angled triangle, as A B 
(fig. 1). No triangle can have more than one right angle, 
and the sum of the three angles of every triangle is always 
equal to two right angles. In every triangle the sum of the 
lengths of any two sides is greater than the length of the 
third side. 

A figure formed by four right lines is termed a quadri- 
lateral Jigure^ and the straight lines which join the opposite 
comers are called diagonals^ as A D and B C (fig. 29), which 
are the diagonals of the figure ABDC. An irregular 
quadrilateral figure, having all the sides of difierent lengths, 
is called a trapezium. A parallelogram or rhomboid is a 
quadrilateral figure, having the opposite sides equal and 
parallel, as ABDC (fig. 29), and if all the sides are equal 
it is called a lozenge or rhombus. A quadrilateral figure in 
which all the angles are right angles is termed a rectangle 
or oblong^ 2iS ABFE (fig. 29), and when all the sides are 
also equal it is a square (fig. 27). A rectangle whose ad- 
jacent sides are equal to two given lines is called the rect- 
angle under those hnes, thus ABFE (fig. 29) is the rect- 
angle under A B and A E. A square having its side equal 
to a given line A B (fig. 27), is called the square upon AB. 

A regular polygon is a figure having all its sides equal, 
and all the angles made by those sides with each other also 
equal, so that a circle can be drawn through all its angular 
points. 

The area or amount of surface contained in any figure is 
measured by the number of square units^ or squares of a 
given size, which it covers. The finding of areas of various 
figures belongs properly to the science of ' Mensuration." 
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Two rectilinear figures are said to be similar when the 
angles in one are severally equal to the angles in the other 
and the sides about the equal angles are proportional ; thus 
the triangles BAD and CAE (figs. 13and 14) are similar. 
Z4. To construct an isosceles triangle, of which two un- 
eqvxtl sides are given. — Draw a straight line, A B D (fig. 20), 
and take A B equal to the given 
base of the triangle, A.D equal to 
one of the given equal sides. From 
A and B as centres, and with A D 
as radius, describe circles cutting 
each other in the point C ; join 
AC,BC. Then ACB is the isos- 
celes triangle required, having its 
two legs A C and B C equal to one 
another. 

25. To construct an i 
at the base is double tftat at the vertex.— 
length of the equal sides is given. 

Let AB (fig. 21) be the given length of one of the sides. 
Divide AB in extreme and mean ratio (!•) at the point C. 
From A aji a centre, and with 
A B for radius, describe a circle ; 
and from B as a centre, with 
A C for radius, draw an arc 
cutting tbe circle in the point D. 
Join AD, BD; then BAD is 
the triangle required, each angle 
at B and D being double the 
angle at A. 

Secondly, when the length of the base only is given. " 
Let A C be the given length of the base. Produce A C 



triangle in which each angle 
First, when the 



Fig. 21. 
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to B "so that' the line A B shall be divided at C in extreme 
and mean ratio (iO). From A as a centre, and with A B 
P3 radius, describe a circle ; and from B as a centre, with 
A C for radius, draw an arc cutting the circle in the point 
D. Join B D and A D ; then B A D is the triangle required, 
having B D equal to A C, the given length of the base, and 
each angle at B and D double the angle at A. 
■ 20. To construct an equilateral-triangle upon a given finite 
right line. — Iiet AB (fig. 22) be the given line. From A 
and B as centres, and with AB 
for radius, describe circles inter- 
secting in the point C. Join AC, 
BC; and ACB is an equilateral 
triangle, having AC and BC each 
equal to AB. 

The; angles are also equal, being 
each of them two-thirds of a right 
angle ; hence in laying out an equi- 
lateral triangle on a large s^Ie it is best to construct the 
two angles CAB and C B A, each equal to two-thirds oS a 
right angle (60°), and the point will be found. 

l7. To construct a right-angled-triangle of which two 
sides are given. — First, let the 
given sides be those which ■ in- 
clude the right angle. 

Draw two lines at right angles 
to each other (3), as A B, AC 
^fig. 23)'; and make AC and 
AB equal to the given sides 
■respectively. Join B C ; then B A C is the triangle required, 
having the right angle at A. The side BC which subtends 
or. ia opposite the right angle, is termed the hypotenuse, 
and is always greater than either of the other sides. 




Tig. 23. 
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Secondly, let the base and hypotenuse be given. Draw 
any two lines, as A C and A B, at right angles to one an- 
other, and make A C equal to the given base. Take C D, 
equal to the given hypotenuse, and from C as a centre, 
and with C D for radius, describe a circle cutting A B in 
the point B. Join B C, and C A B is the triangle required. 

28. To construct a triangle whose three sides are of given 
lengths. — {In this case the sum of any two of the given 
lengths must be greater than the third.) 

Draw a right line, B D (fig. 24), and take A B, equal to 
one of the given sides, B D equal 
to another, and D C to the third. 
From B as a centre, with BD 
as radius, describe a circle; 
and from A as a centre, with 
DC for radius, draw an arc 
cutting the circle in the point E. 
Join EA, EB; and BAE is 
the triangle required. 

29. To construct a triangle of which two sides and the 
included angle are given. — Let 
CAB (fig. 25) be the given 

gle. Take AB and AC, 
equal to the given sides re- 
spectively, and join B C. 
Then B A C is the triangle re- 
quired. 

30. To construct a triangle of which two angles and a 
side are given. — (The sum of the given angles must be less 
than two right angles.) First, let the base, as A B (fig. 25), be 
the given side, and CAB, CB A the given angles adjacent 
to the base. Construct the angles C A B, C B A, respectively 
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equal to the given angles (7) ; then the Unes B C and A C 
will meet at C, and the triangle is completed. 

Secondly, let the base A B {fig. 25) and the angles CAB, 
BCA be the given angles, one of which BC A is opposite 
the base or given side. Construct the angle CAB equal to 
one given angle, and the angle CAD equal to the other (7). 
Draw BC parallel to AD (13), meeting AC in the point 
C ; then the angle A C B is equal (IZ) to the angle CAD, 
and the triangle BAC is the one required. 

Another method is to take any point F on AC and draw 
FE, making the angle EFA equal to the given angle, and 
then drawing B C parallel to E F. 

31. To cOJistract a triangle of which tico sides and an 
angle not included are given. — Draw a right line as A C 
(fig. 26), and take AB equal 
to one of the given sides, BC 
equal to the other. At A 
make the angle BAD equal to 
the given angle (7), and from 
B as a centre, with B C for 
radius, describe a circle cutting 

AD in the point D. Join BD, and the triangle BAD is 
the one required, having B A and B D Fiu 27 

respectively equal to the given sides, 
and B A D to the given angle. 

3£. To construct a square upon a 
given right Une. — ^Let AB(fig. 27) be 
the given line. Erect the perpendiculars 
AC, BD (3), and make AC and BD 
each equal to AB. Join CD; then 
the figure A B D C is the square required, having each side 
equal to A B. 






l» PRAOTlrAL GEOMETRY. 

33. In a ywen triangle to inscribe a sqmre.—Let ABC 
(fig. 28) be the given tri-.' 
angle. Draw CD perpen- 
dicular (4) to AB, and 
draw C E parallel to A B, 
making CE equal to CD. 
Join AE by a right line 
cutting B C at F. Draw F I 
parallel to CD, and FG, 
parallel to A B and cutting 
ACatG; drawGH parallel to CD. Then FGHI is a 
square inscribed in the given triangle. 
■ 34> To construct a parallelogram of given sides and given 
angle. — Draw a right line AB (fig. 29) and construct the 
angle CAB equal to the 
given angle (7). Make A B 
and AC equal respectively 
to the given sides, draw C D" 
parallel to A B. B D parallel 
to A C (13) ; then the figure 
A C D B 13 the parallelogram 
required. 

By drawing the diagonals A D and B C, the figure is 
divided into four' triangles CAB, ABD, BDC, DC A. 
each of which is equal in area to one-half that of the, 
parallelc^ram itself. 

If the lines A E, B F are drawn perpendicular to A B 
and meeting C D in E and F, a rectangle A B F E is con-, 
structed which is equal in area to the first drawn parallelo- 
gram, and to double that of either of the triangles A C B or 
A D B. The perpendicular C H dropt upon A B is equal 
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to A E, and represents the height of the vertex of the tri- 
angle A C B above the base A B ; hence, when a .triangle and 
a parallelc^ram are upon the same base and have the same 
vertical height, the area of the parallelc^am is double that 
of the triangle. 

38. To construct a square equal in area to the sum of the 
areas of two given squares. — ^Let A B and A C (fig. 30) be 
two hnea drawn at right angles. Fig. 30. 

Take A B and A C equal in length 
to the sides of the given squares 
respectively; join CB; then BC 
is the side of the square which 
equals in area the sum of the 
squares upon A B and A C. 

30. To construct a square which shall he equal in area to 
a given parallelogram. — Fi^. 3i. 

Let ABCD (fig. 31) be 
the given parallelogram. 

Produce one side A B to 
H, and draw DEand CF 
at right angles to A H (4). 
Then the rectangle DEF 
is equal in area to the 
given paralleWram (3*). 
Produce C F to G, making 
F G equal to F E ; bisect C G in I. From I as a centre 
and with I G as radius, describe a circle cutting A H in the 
point H. Then the square constructed on the line FH 
will equal in area the rectangle C D E F, and therefore will 
be equal to the given parallelogram. 

37. Upon a given right line to construct a rectangle equal 
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in area to a given rectangle. — Let ACDE (fig. 32) be the 
Fi(f- 32- given rectangle. Produce E A to B, 

making A B equal to the given line. 
Through B draw FBH parallel to 
C A (13), and produce D C to meet 
FH in F. Draw the diagonal FA 
and produce it to meet DE in G. 
Draw G K H parallel to E B, meeting 
F H in H. Produce C A to meet G H 
in K. Then the figure ABHK ia 
the required rectangle equal in area 
to the given one and drawn upon the 

given line. 

38. To construct a rectangle equal tn area to a given 
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irregular rectilin&ir figure. — Let 
ABCDE (fig. 33), be the given 
figure. Draw the lines BE, EC so 
as to divide the figure into triangles. 
Draw A F perpendicular to BE 
(4), BG and DH to EC. Con- 
struct (34) the rectangle P (fig. 34) 
having the side IK equal to AF, 
and the side K L equal to half the 
line E B ; then the area of P is equal to that of the triangle 
Tia. 34. E A B. In the eame manner 

construct a rectangle Q equal to 
the triangle EBC, and draw 
upon K L (37) a rectangle 
KLNM equal in area to Q. 
Draw a rectangle R equal to 
the triangle EDC and construct upon MN a rectangle 
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equal to E. Then the whole rectangle I T is equal in area 
to the given figure. 

39. To construct a rectilinear figure of a given irregular 
form. — Let ABODE (fig. 33) be the given figure, as for 

example, the plan of a field. In order to lay this down on 
paper we must not only measure the sides AB, BC, &c., 
but also the diagonals E B, EC. First draw one of the 
sides as A B, then from A as a centre, with A E as 
radius, describe a circle ; and from B as a centre, with B E 
as radius, describe an arc cutting the circle in E; then 
the positions of two sides A B and A E are fixed. Next, 
from E as a centre, with "E C as radius, describe a circle ; 
and from B as a centre, with B C as radius, draw an 
arc cutting the last circle in C : join B C. From C as a 
centre, with C D as radius, describe a circle ; and from 
E as a centre, with E D as radius, draw an arc cutting 
the last circle in D ; join CD, ED, and the figure is com- 
pleted. 

In this manner the outline of any irregular figure can be 
laid down by dividing it into as many triangles, less two, 
as the figure has sides. 

40. To divide a given finite right line into two parts^ so 
that the rectangle under the whole line and one of the parts 
shall be equal in area to the square upon the other part — 
Let AB (fig. 17) be the given line. Draw E AD at right 
angles to A B (3). Bisect A B in C and make A E equal 
to AC ; join EB, and make EAD equal to EB. Cut off 
A F equal to A D, and the rectangle under A B and B F is 
equal to the square on A F. 

4b1. To produce a given right line so that the rectangle 
under the whole produced line and the part produced shall 
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be -equal in area to the square upon the given linfi. — Let A B 
(fig. 18.) be the given line. Bisect AB in C and draw 
C D at right angles to A B (3), making C D equal to A B. 
Join A D, ami produce A B to E, making C E equal to A D., 
-Then the rectangle under A E and E B is equal in area to 
the square upon A B. 

■ 4Z. To construct a regular pentagon, or figure of five 
sides, the length of a side being given. — Let A B (fig. 35) 
be the given side. On AB 
construct (ZS) an isosceles tri- 
angle ACB in which each 
angle CAB and CBA is 
double the angle ACB. Bisect 
the sides of the triangle in the 
points P, Q, R ; and draw the 
Unes PO, QO, EO, at right 
angles to the sides respec- 
tively. These perpendiculars 
will all meet in one point 0. 
Join C, and froui O as a centre, with C for radius, 
describe a circle, which will pass through each vertex of 
the triangle ABC. Produce OQ and OE to meet the 
circle in E and D. Join CD, CE, EB, AD; then the 
figure ABECD is the pentagon required, each side being 
equal to AB. . -. 

The ratio of A B to P is very nearly aa 1 : '688, and 
that of AB to BC is very nearly as 1 : 1'618. 

43. To construct a regular decagon, or figure of ten sides, 
the length of a side being given. — Let AB (fig. 36) be the 
given eida Construct (25) upon AB an isosceles triangle 
A B having each angle A B and B A double the angle 
A O B. From as a centre, with O A as radius, describe 
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a circle. Produce AO and BO to meet the circle in C 
and B, and bisect the angles 
-DOA and COB (8) by the 
■diameter EOF. Bisect each 
«ngle COE, EOB, AOF, 
FOD, by the diaraetera 
TO K and HOG. Join all 
tiie points where these dia- 
meters meet the circumfer- 
ence by the lines CI, IE, 
EH, HB, &c., and the re- 
quired decagon is completed, 
having each side equal to 
AB. 

The ratio of AB to BO is very nearly as 1 1'618. 

44* To construct a regular hexagon, or figure of six 
sides, the length of a side being given. — Let AB (fig. 37) be 
the given side. On A B 
(2*) construct an equila- ^' 

teral triangle A B ; and 
from O as a centre, with 
OA as radius, describe a 
circle. Produce AO and 
B to meet the circle in 
D and E ; and from A 
and B as centres, with A 
as radius, draw arcs cut- 
ting the circle in C and P. 
JoinBC, CD, DE, EP, 
FA, and the hexagon is completed, each of these liues 
being equal to A B. 

It is evident that A is equal to A B. 
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45. To construct a regular octagoi, or figure of eight 
sides, the length of a side being given. — Let A B {fig. 38) be 

j^ 38, ^^^ length of the given 

side. Draw A C at right 
angles to AB, and bi- 
sect the angle B A C by 
the line A B (8). Bisect 
the angle D A B by the 
line A E, and from A as 
a centre, with AB as 
a radius, draw a circle 
cutting A E in the point 
E. From E as a centre, 
with E A for radius, de- 
scribe a circle cutting A D in the point D. Join E D 
and A D. Draw D O K parallel to A B intersecting A C in 
the point 0. Through draw FOG parallel to AD. 
From O as a centre, with A for radius, describe a 
circle passing through A, E and D. Draw the diameter 
E O H and join all the points where the diameters meet 
the circle by the lines D G, G C, C H, &c., and the required 
octagon is completed, each side being equal to A B. 
The ratio of A B to A O is nearly as 1 : 1-307. 

46. To construct a dodecagon, or figure of tusdve sides, 
the length of a side being given. — Let AB (fig. 39) be the 
given side. Erect the line B D (3) at right angles to A B, 
and from B as a centre, with B A for radius, describe 
a circle cutting BD in the point D, Divide the right 
angle DBA into twelve equal parts ( }, and take D B E 
equal to two of those parts. Bisect A B in C, and draw the 
line C O perpendicular to A B meeting BE in O. From 
as a centre, with A or B as radius, describe a 
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circle through B and A. Produce AO and BO to meet the 
circle in K and L. From A and K as centres, with 
A for radius, describe arcs cutting the circle in P, F, 
H and M. Draw G O N at right angles to A K, aud bisect 
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the angle AOP by the hne QOI. Join all the points 
B, F, G, H, &c., upon the circle, and the dodecagon will be 
completed, having each side equal to A B. 

The ratio of A B to A is nearly as 1 : 1-932. 

In the same manner we can construct a regular polygon 
of any given number of sides, provided that given number 
ia some product of 3 into a power of 2. The right angle 
A B D must be divided (•) into the same number of parts 
as there are to be sides to the figure, and the angle D BE 
taken equal to two of those parts ; then the point where 
B E meets the bisecting perpendicular C O will be the centre 
of the drcumscribing circle. Then from A and B as centres, 
with A B for radius, describe arcs cutting the circle in 



28 PRACTICAL GEOMETRY. 

Q and F, and so proceed round the circle until all the 
points where the polygon touches the circle are found. 

In this way a quindecagon or fifteen-sided figure can be 
constructed; for (lO) we can divide the right angle ABD 
(fig. 39) into fifteen equal parts. Take DBE equal to two 
of those parts and proceed in the construction the same way 
as for the dodecagon. 

For a figure of sixteen equal sides, we must divide the 
right angle ABD into eight equal parts (8) and take DBE 
equal to one of them. 

For a figure of twenty equal parts we must first divide 
the angle ABD into five equal parts (XO) and bisect each 
of those parts, by which the angle will be divided into ten 
equal parts ; and DBE being taken equal to one of those 
parts the figure can be constructed in the manner above 
described. 
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CHAPTER II. 
THE CIRCLE. 

%7, Definitions. — A curve is a line made by the motion 
of a point the direction of which is constantly changing; 
A drcle is a curve produced by the motion of a point about 
a fixed point from which it is always at the same distance ; 
the fixed point about which the motion takes place is called 
the c^itre of the circle, and the curved line tlius produced 
is called the circumference. If a straight line or rod A 
(fig. 40) is made to revolve about one of its extremities O, 
ita other extremity A will trace Fig. 40. 

out a circle, and the length 
O A is called the radttts of 
circle ; the line A B, which 
is double the radius, is called 
the diameter of the circle. 
If a line AT is drawn at 
right angles (3) to A(); at 
the outer end of any radius, 
AT is called the tangent to 
the circle, which it touches without cutting. Any line as C D 
which is drawn across the circle but does not pass through 
the centre is called a chord. The part of the circle C E D. 
cut ofl"by the chord is called an arc, and the space included 
between the arc and chord is called a segment. If we draw 
the lines OC, OD, from the centre to the ends of the 
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chord the space included between those lines and the arc is 
termed a sector. The diameter A B divides the circle into 
two equal parts, each of which is called a semicircle. The 
perpendicular OF upon AB divides the semicircle into 
two equal parts A F, B F, called qtiadrants. Circles are 
said to touch each other when their circumferences meet 
at a point but do not cut one another, and the right line 
joining their centres passes through the point of contact. 
Two or more circles are said to be inscribed in another circle 
when they touch its circumference on the inner or concave 
side, and also touch each other on the outer or^convex side. 
Two circles drawn from the same centre but with different 
radii are said to be concentric, 

A rectilinear figure is inscribed in a circle when all its 
angular points, or vertices, are on the circumference of the 
circle, and the circle is then said to be circumscribed about 
the rectilinear figure. A rectilinear figure is circumscribed 
about a circle when all its sides are tangents thereto, and 
the circle is then said to be inscribed in the figure. 

48. To draw a tangent at a given point of a. given circle, — 
Let (fig. 40) be the centre of the circle, A the given point 
on its circumference ; join A 0. At the point A draw A T 
perpendicular to A ; then A T is the tangent required. 

49. To describe a circle of given radius toicching a given 
circle in a given point — ^Let (fig. 41) be the centre of 
the given circle, A the point on its circumference where 
the contact is to take place. Draw the radius A and 
produce it to Q, making AQ equal to the given radius. 
From Q as a centre, with Q A as radius, describe a 
circle which will touch the given one at the point A as 
required. 

If the given radius is less than that of the given circle, 
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cut off from A the length A P equal to the given 
radius, and from P as a centre, with P A as radius, 




describe a circle whose convex side will touch the given 
one on the concave side of its circumference at the 
point A. 

If P is the centre of the j^ven circle, and the given 
radius ia greater than PA, produce A P to O, making AO 
equal to the given radius. Then a circle drawn from as 
a centre, with O A as radius, will touch the given one on 
the convex side of its circumference. 

If AT is drawn perpendicular to OAQ it will be the 
common tangent of the two circles which are in contact 
at A. 

50. To describe a circle through three given points which 
are not in the same right line. — Let B, C and F (fig. 41) be 
the three given points. Join C D and C F, and bisect C D 
and CF at E and B. Draw EO at right angles to CD, 
B at right angles to C F ; these will meet at the point 
which is the centre of the required circle. Join C ; then 
a circle described from as a centre, with O C as radius, 
will pass through the three given points. 

51. From a given point outside a given circle to draw 
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taiiffentf t/iereto. — Let O (fig. 42) be the cenfre of the given 
circle, A its radius, T the given 
point outside the circle. Join 
T ; then from as a centre, 
with T as a radius, describe 
another circle concentric with the 
^ven one. Let B be the point 
where T cuts the given circle, 
draw D B C at right angles to 
OB, and cutting the outer circle 
in D and C. Draw the lines D, 
OC, cutting the given circle in E and A; join TE, TA; 
then TE and T A are the required tangents at the points E 
and A of the given circle. 
Another method. 

Let (fig. 43) be tlie centre of the given circle, T the 
given point. Draw the diameter HO A and produce it to 
Fifi'. 43. T and B; making TB 

equal to T A. Bisect HB 
in C, and from C as a 
centre with C B as radius, 
describe a semicircle. 
Draw T D at right angles 
to H B, meeting the semi- 
circle in D : from T as a 
centre, and with T D for 
radius, draw an arc, cut- 
ting the given circle in E and F. Join O E, F, T E, T F ; 
then T E and T F are the tangents required. / 

This solution depends on the property that the rectangle 
under HT and TA is equal to the square on the tangent 
T E or T F, and also that the rectangle under H T and J B 
is equal to the square on TD {3«). 




THE CIRCLE. 33 

52. To jind any number of ponits upon an are of a 
circle^ the middle point and two extremities of the arc being 
given. — Let A and B (fig. 44) be the two extremities of the 
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arc, D the middle point. Join AB; and bisect the chord 
A B in C ; draw D C which will be perpendicular to A B. 
Draw the chords A D, D B, and divide D B into any num- 
ber of parts by the points E, F, &o. From B as a centre, 
and with B A as radius, describe a circle A G H. Draw 
E G, P H parallel to D A, cutting the circle in G and H. 
From B as a centre, and with radius B E, describe a circle ; 
and from A as a centre, with G E as radius, draw an arc. 
cutting the last circle in Pi Then P is a point on the 
required arc. In the same manner, from B as a centre, and 
with radius B F, describe a circle ; and from A as a centre, 
with HF as radius, draw an arc cutting this circle in 
Q ; then Q is also a point on the required arc. In this 
way any number of points can be found upon the arc of a 
circle when the centre is at too great a distance to be 
available; the arc itself can either be drawn by hand or 
by help of a bent lath passing through all the points. 
This iD^hod is derived from the principle that all the 
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angles in the same segment of a circle are equal ; for the 
angles A D B, A P B, A Q B, are all equal. The entasis or 
curved outline of the shaft of a column or the contour of 
a spire can be drawn on a large scale in this way. 

53. To draw an arc of a circle by continuous motion, 
when ike centre is not available. — Take two straight rulers 
of twice the length of the chords A D, BD (fig. 44), and 
fasten them together so as to make with each other an angle 
equal to A D B, their outer edges being applied to the chords 
A D, D B. Fix a pin at A and another at B against the 
outer edges of the rulers ; let a pencil be fixed at the vertex 
D, and as tlie rulers move backwards or forwards against 
the pins the pencil at D will mark out the arc of the circle. 

Another method. 

Let B C (fig. 45) be the chord of the arc, A G its height 

Fig. 45. 




at the centre, E A D the tangent at A perpendicular to A G, 
and parallel to B C. Draw the chord A B, and take A 1) 
equal to A B ; join B D. Now let the triangle B A D be 
made rigid, and let it move about pins fixed at A and B ; 
then a pencil fixed at its vertex A will mark out the arc 
A r B as the triangle moves from right to left. So also by 
making the triangle move Irom left to right we can trace 
the arc A C. 

This method is based on the principle that if we take any 
point F in the arc A B, and draw the chords A F, B F, then 
the angle B F A equals the angle BAD. 
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H4. On a given right-line to describe a segment of a circle 
that shall contain a given angle. — Let C D (fig. 46) be tlie 
given line, making with CT 
the angle D C T equal to the 
given angle. Draw COG 
perpendicular to CT, and i 
draw D 0, making with D C 
an angle ODC equal to the 
angle O C D. From as a 
centre, and with O C or D 
as radius, describe a circle 
cutting C G in the point G; I 
join G D. Then the angle C G D is equal to the given 
angle DC T. 

If we take any other points as F, H, on the circumference 
and join them with C and D, the angles CFD, CHD will 
be each equal to the angle C G D, or to the given angle 
DCT. The angle COD at the centre of the circle is 
double the angle C G D, and double the angle DCT. 

If A B is the given line, and the given angle is a right 
angle, bisect A B in O, and from O as a centre, and with 
O A as radius, describe a circle. Take any point F on the 
circle and draw the chords F A, F B ; then the angle A F B 
is a right angle. 

99m From the extremities of a given right-line to dravo 
two other lines in any directions meeting at right angles to 
each other. — ^Let A B (fig, 46) be the given line, and let 
B F be the given length of one of the other lines less than 
A B. Bisect A B in O, and from as a centre describe a 
semicircle on A B. From B as a centre, and with B F as 
radius, draw an arc cutting the circle in F ; join A F : then 
A F B is a right angle. 
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56. To lay out an arc of a circle as a railway curve of 
given radttis, by finding points on the circumference. — Let 

Fi^.47. AT (fig. 47) be the tan- 

gent to the proposed curve 
at the point A, O the 
centre of the circle. Sup- 
pose it is required to find 
points on the arc at dis- 
tances apart equal to a 
given length AT. From 
A as a centre, and with 
AT as radius, draw an 
arc TB, and construct 
the angle TAB equal to 
half the angle A O B at the centre' of the circle. Then B 
is the first point on the curve. Make the angles BAG, 
CAD, DAE, each equal toBAT; and from B as a 
centre, with BA as radius, draw an arc cutting AC in 
C ; from C as a centre, and with C B as radius, draw an 
arc cutting A D in D ; from D as a centre, and with D C as 
radius, draw an arc cutting AE in E; then A, B, C, D, 
and E, are all upon the required curve. 

This method is based on the principle that angles which 
stand upon equal arcs of a circle and have their vertices on 
the circumference are all equal. 

57, To find arithmetically the radius of an arc of a 

circle of which the chord and height are giv^ Lpt BC' 

(fig. 45) be the given chord whose length is known arith- 
metically, AG the given height. Bisect BC in G. Add 
t(^ether the squares of the lengths A G and B G, and divide 
the sum by twice A G, the quotient is the radius of the 
circle. For example, let BC equal 10, -AG equal 2; 
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S X 5 + 2 X 2=29, 2 X 2 = 4, 29 divided by 4 is 7^ the length 
of the radius. 

58. To describe a circle touching a given right-line and 
passing through two given points. — First, let the line joining 
the two points be not parallel to the given line. Let E C 
(fig, 48) be the given line, P and Q the given points. Join 
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P and Q, and produce P Q to meet the given line in C. 
Produce PC to G, making GC equal to CQ. On PG 
describe a semicircle, and draw C F perpendicular to P C, 
meeting the circle in F. Take C E equal to C F, and draw 
E X perpendicular to C E. Bisect P Q in D, and draw D X 
perpendicular to P Q, and meet- Fig. 49. 

ing EX in the point X. Then 
the circle described from X as a 
centre, and with XE for radius, 
will touch the given line at E and 
pass through the points P and Q. 
Secondly, let the line joining 
the points be parallel to the given 
line. Let EC (fig. 49) be the 
given line, P and Q the given points. Join P Q, and bisect 
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P Q, in D. T)raw D E perpendicular to P Q, and join E P. 
Bisect E P in F, and draw F X perpendicular to E P, meet- 
ing DE in X. Then the circle described from X as a 
centre, and Tvitli X E for radius, will touch the given line at 
E and pass through the given points P and Q. 

59. To describe a circle touching a given circle, and also 
a given rigkt-Une outside of it in a given point. — Let O 
(fig. 50) be the centre of the given circle, AB the given 

Fig. 50. 




line wholly outside of the circle, A the given point there- 
in. Draw AF perpendicular to the line AB, and also a 
diameter COD parallel to A F. Join D A and C A, pro- 
ducing A C to meet the circle ^ain at E. Join E O, and 
produce E O to meet A F in G ; join E D, producing it to 
meet A F in F. Then G F is equal to G A or to G E ; and 
from G as a centre, with G A as radius, draw a circle which 
will touch the ^ven circle in E, and the given line at the 
given point A. 

Again, let AD cut the given ciicle at H ; join OH, and 
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produce O H to meet A F in I. Then I H is equal to I A ; 
from I as a centre, and with I A as radius, describe a circle 
which wiU touch the given circle at H and the given line 
at A. 

<B0. To describe a circle of given raditts which shall touch 
two given circles. — First, suppose the given circles do not 
intersect, their distance apart being not greater than the 
diameter of the required circle. 

Let A, B (fig. 51) be the centres of the given circlea. 
Fig. r.i. 




joined by the indefinite right line D F, which cuts the 
circumferences in C, M, N, and FI Take CD, E F, each 
equal to the given radius ; from A as a centre, and with 
AB as radius, describe a circle; and from B as a centre, 
with B F as radius, draw arcs cutting the last circle in 
P and Q. Join the points A, P, B, Q ; then a circle drawn 
fi-om either P or Q as centre, and with the given length of 
radius, will touch the given circles in G and H or in K 
and I. 
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Secondly, suppose the given circles interaect each other, 
and the required drcle is to touch their concave sides, its 
given radius being not 
greater than half the 
distance apart of their 
circuraferences as mea- 
sured on the line join- 
ing the centres. 

Let A, B {figs. 52, 53, 
54} be the centres of the 
circles, joined by the 
line MN, meeting the 
circuraferences in M and 
N. Take M C, N D each 
equal to the length of 
the given radius; from 
A as a centre, with 
radius A D, describe a circle, and from B as a centre, 
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with radius B C, draw arcs cutting t!ie last circle in P and Q. 
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Join the points A, F, B, Q, producing A P, A Q, B P, B Q, 
to meet the circles in P, G, H, and E. Then a circle drawn 
from either P or Q as Fig, 64. 

centre and with the given 
length of radius will touch 
the given circles in E and 
F or in G and H; PF, 
PE,QH,Qa being each 
equal to the given radius 
M C or N D. 

Fig. 54 represents a 
Gothic arch struck frbm centres A, B, in which the circle 
of radius equal to M C or N D is inscribed. 

61. To describe a circle through two given points and 
touching a given circle. — First, let the given points be 
outside the given circle. Let O (fig. 55) be the centre of 





the given circle, P aud Q the given points. Through P 
and Q, draw an indefinite right-line FPQ; bisect P Q in 

A, and draw A B perpendicular thereto. Take any point 

B, on the perpendicular A B, as a centre, and describe a 
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circle that will cut the given circle in any two points C, D, 
and also pass through P and Q. Draw the chord ,C D, and 
produce it to meet the line through F P Q, in E. Pind 
E F a mean proportional (17) between E P and E Q, and 
from E as a centre, with E P as radius, describe a circle 
cutting the given circle in H ; join H. and produce H 
to meet A B in J. Then a circle drawn from J as a centre, 
with J H as radius, will touch the given circle and also pass 
through the given points. 

Secondly, let the given points be within the circum- 
ference of the given circle. 

Let (fig. 56) be the centre of the given circle, P, Q, 
the given points. Draw through P and Q, an indefinite 




right-line ; and bisect P Q in A . Draw A B perpendicular 
to P Ci, and from any point B' therein describe a circle that 
shall cut the given circle in any points C and D, and also 
pass through the given points P and Q. Join C D, and 
produce D C to meet P Q in E. Find E F a mean pro- 
portional (17) between EP and EQ, and from E as a 
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centre, with E F as radius, describe a circle cutting the given 
one in H ; draw H O cutting A B in the point I ; then a 
rarcle drawn from I as a centre, and with IH as radius, 
will touch the given one and also pass through the given 
points. 

C2. To draw geometrical tracery in a Gothic arch. — 
Let B D A (fig. 57) be a Gothic arch springing from the 
Fig. 57, 




line A B, joining the centres E, F, from which the area 
B D, AD, are struck. Bisect A B in C, and draw C D 
perpendicular thereto. Take B M, A K equal to each 
other and less than half A B ; make M H, K G each equal 
to A F or B E. Prom G and H as centres, and with G K, 
H M as radius, describe the arcs M N, K L. It is required 
to draw a circle which shall touch all four of the arcs, and 
have its centre on C D. 

Take B I equal to B E, and from E as a centre, with 
E I as radius, describe a circle ; draw a circle («l) passing 
through G and H, and touching the last-drawn circle in 
the point E ; this circle will Iiave its centre at on the 
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line CD, Draw the lines RO, HO, cutting the given, 
arcs in T and P ; and from as a centre, with O P or 
O T as radius, draw a circle, which will touch all four of 
the given arcs as required. 
Let the given arch A D B (fig. 58) be equilateral, A 

FifT. 68. 



being the centre of the arc B D, and B that of the arc 
A D ; and suppose the line A B divided into three equal 
parts at K and M. Let G and H be the centres of the area 
MN, KL, having their radius equal to AB. Take C the 
centre of A B, and draw the vertical line C D. Measure 
M X equal to one-sixth of M B or to one-third of M C, and 
from A as a centre, with A X as radius, describe a circle 
cutting C D in O. Draw H P O cutting K L in P, and join 
Fist 59. -^ *-*' producing A O to meet B D 

in T. Then a circle drawn from 
as a centre, and with O T or 
O P for radius, will touch all the 
four arcs as required. 

Let the given arch A D B (fig. 59) 
be equilateral, and also the inner 
arches AFC, BEC; AB being 
bisected in C. Draw the vertical 
CD; bisect BC in X, and from A as a centre, with AX 
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as radius, describe a circle cutting C D in 0. Draw the 
line APOQ meetiug CF inP and BD in Q. Then a 
circle described from O as a centre, and wiih OP or Q 
aa radius, will touch all four of the given arcs. 

63. To describe a circle which shall touch a given circle 
and a given right-line^ and shall also have its centre on 
another given line. — Let (fig. 60) be the centre and D 
Fig. 60. 




the radius of the given circle ; A B the given line to be 
touched, P Q the ^ven line on^which the centre of the circle 
is to be found. Let P Q cut A B in the point A. From 
O draw O D B perpendicular to A B, and produce it to C, 
making B C equal to O D. Draw C P parallel to A B, 
meeting P Q in P ; join P 0, and produce P O indefinitely 
to E. Take any point Q. on the line P Q, and drop there- 
from the line Q F perpendicular to C P ; from Q as a 
centre, and with Q F as radius, describe a circle cutting 
PE in E, and join a R- Draw OHX parallel to EQi, 
meeting P Q in X, and draw X G perpendicular to A B. 
Then a circle describe<l from X as a centre, and with X G 
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or X H as radiue, will touch A B at G and the given circle 
at H, as required. 

04. To describe a circle touching a given circle^ and also 
two given right-lines which are not parallel. — Let A K and 
A B (fig. 60) be the given lines meeting at the point A ; 
the centre and D the radius of the given circle. Bisect 
the angle B A K by the line P A Q, then the centre of the 
required circle must lie upon this line. Find X the centre 
and X G the radius of the circle which touches the given 
circle and also the line A B at G («3) ; draw X K perpen- 
dicular to A K, and the circle drawn from X as a centre, 
■with X G or X K or X H as radius, touches the two lines 
in G and K and the given circle in H. 



Inscribed and Circumscribed Circles. 

6S. To inscribe tliree circles in an equilateral Gothic 
arch. — ^Let ADB {fig. 61) be the arch, having the arcs 

Fig. Bl. 




A D, B D struck from B and A as centres. Draw the 
horizontal springing line A B ; it is required to inscribe 
three circles in the figure A B D. 
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Bisect A B at C and draw the perpendicular C D. Bisect 
the angles A C D, B C D by the lines C X, C Y (e). Draw 
A G, B E perpendicular and equal to A B ; and draw 
EGP parallel to AB, Produce CX to meet GE in F, 
and cutting A G in H ; join B P. From H as a centre, and 
with H G as radius, describe an arc cutting B F in I, and 
join H I. Draw B P parallel to H I and cutting C F in X ; 
take C Y equal to C X and draw X Y, cutting C D in Q. 
Draw XL perpendicular to AB, and the circle drawn 
from X as a centre, with XP or XL or XQas radius, 
will touch AB at L, C D at Ci, and AD at P. Also a 
circle described from Y as a centre, and with the same 
radius, will touch C D at Q, and also the arc B D and the 
line B A. 

We have now to draw the circle which shall touch the 
circles X and Y and also the arcs AD, B D. Produce B P 
(fig. 62) to K making P E equal to P X ; and from B as a 
centre, with B E as radius, ^ ^2 

describe a circle E Z W. 
Find O on C D («l) the 
centre of the circle which 
passes through X and Y 
and touches the circle 
EZW in the point Z. 
Draw the lines XO,BO. 
Produce B to meet A D 
in E, and let X O cut the 
circle X at the point F. 
Then a circle drawn from 
O as a centre, and with O E or OF as radius, will touch 
the arcs A D, B D, and also the two previously inscribed 
circles. 
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66. To inscribe three circles in an equilateral tfiantfle. — 
Let ABC (fig. 63) be the triangle. Bisect each side at 

Kg. M. D, E, F ; and join D B, 

EC, A P. The hnesDB, 
E C, and A F will intersect 
in the point X, and the 
centres of the required 
circles will be found on 
these three lines. Bbect 
the angle A F B by the 
line F O meeting B X in 
; and from X as a centre, 
with X O as radius, de- 
scribe a circle cutting X A in P, X C in Q. Draw the lines 
OP, Q, P Q ; let Q intersect A F in E, and the circles 
described from 0, P, and Q, as centres, with O K, or half 
O Q, for radius, will be inscribed in the triangle. 

67. To inscribe three circles in a given isosceles triangle. 
— In this case two only of the circles will be equal. Let 

Fig. 64. A C B (fig. 64) be the given 

triangle. Bisect the base 
A B at D and draw D C per- 
pendicular thereto. Bisect 
each angle CAB, CD A, 
CDB, CBA, by the lines 
A X, D X, B Y, D Y. Draw 
X Y cutting DC in M ; then 
the circles drawn from X 
and Y as centres, and with 
XM or YM for radius, will 
touch each other and the sides of the triangle. 

■The centre of the third circle will He in the line DC. 
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Draw' X N" perpendicular to' A C and produce it to T, 
making N T equal to N X. Draw T H parallel to A C. 
Find on the line D C (58) the centre Z of the circle which 
touches T H at H, and also passes through the points X, Y. 
Draw Z H perpendicular to A C and cutting it at E. Join 
X Z, Y Z ; and the circle drawn from Z as a centre, with 
Z E or Z P or Z K as radius, touches the sides A C, B C of 
the given triangle, and also the two previously inscribed 
circles at the points F and K. 

68. In a given triangle to inscribe a circle. — Let ABC 
(fig. 65) be the given triangle. Bisect the angles CAB, 

Kg. 65. 




C B A by the lines A O, BO, meeting in the point 0. 
Draw OD perpendicular to A B, and the circle drawn from 
O aa a centre, with D for radius, will touch each side of 
the triangle. 

69. In an equilateral fynangle to inscribe a circle. — I^et 
ABC (fig. 66) be the given triangle. Bisect any two sides 
AC, SC by the points D and E. Draw BD, A E, inter- 
secting at O. Then the circle described from 6 as a centre, 
and with O D or O E as radius, will touch the sides of the 
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triangle. The point O will also be the centre of the circum- 
scribing circle of radius A. 




70. In a given square to inscinbe a circle. — ^Let A B C D 
%. 67 ) be the given square. Draw the diagonals A C, B D, 

Fig. 67. 




intersecting at 0. Draw OE perpendicular to AB or 
parallel to AD, and the circle described from as a 
centre, with OE as radius, will touch all the sides of th? 
square. 
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71. Tn any regular polygon 
ABODE (fig. 68) be tlie 
given polygon. Bisect any 
two adjacent sides as A E, 
A B at F and H. Draw 
PO, HO at right angles 
to AE and AB; these 
will meet at a point O. 
Then the circle described 
Irom as a centre, and 
with P or O H aa radiua, 
will touch each side of tlie 
polygon. 



to iuHcribe a circle.- 
Fiir. 68. 




72. In a given square to inscribe ft 
Let A BCD (fig 69) be the 
given square. Draw the dia- 
gonals AC, BD, intersecting 
in O. Draw EOG parallel 
toBC, and POH parallel to 
AB. In each of the four 
squares into which the figure 
is divided inscribe a circle 
(70), and the four circles will 
•toiich each other, and also the 
'sides of the given square. 

73. In any given regular polygon to inscribe as many 

equal circles as Vie figure has sides Let AB, BC (fig. 68) 

be two adjacent sides of the given jxilygon ABODE. 
Bisect the sides in H and G ; and draw H O, G at right 
angles to A B, B 0, and let thein meet at O. Join B and 
bisect the angle H B by the line H E, meeting O B in K ; 
draw E S perpendicular to H B. Then a circle described 
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from B as a centre, with R S as radius, will touch the lines 
HB, BG, GO, and OH, and will be one of the inscribed 
circles. Proceeding in the same way at every comer of 
the figure, as many circles can be inscribed in it as the 
figure has sides or comers. 

74. In a given circle to inseinbe three equal circles. — -Let 
O (fig. 70) be the centre, A B one of the diametera of the 
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given circle. From A and B as centres, and with OA as 
radius, describe arcs cutting the circle in C, D, E, F. 
Draw the tangent (48) GBR perpendicular to A B, and 
also the diameters F O C, E O D, producing them to meet the 
tangent at the points G and R. Bisect the angle O G B by 
the line G H cutting A B in H. - From as a centre, and 
with O H as radius, describe a circle cutting the other 
diameters in I and K ; join HI, IK, K H ; then circles 
drawn from H, I, and K as centres, with H B for radius, 
will touch each other, and also the given circle at the points 
B, E, and F. 

Having drawn the diameters A OB, EOD, FOG, we 
can find the centres of the circles by measurement on a 
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scale ; for if the radius O A of the given circle measures 
on any scale 1,000, then B H will be 464 and H will be 
536. 

If it is required to draw three Bmaller circles touching 
the ^ven one and the three inscribed circles, produce B A 
to L, making A L equal to H B. Draw L K and bisect it 
in M; let MN, the perpendicular to LK, cut the line AB 
in N ; then a circle described from N as a centre, and with 
N A as radius, will touch two of the inscribed circles, and 
also the given circle at A. In the same way the other 
circles at and D can be drawn with radii equal to A N. 

75. To inscnbe six equal circles in a given circle. — Let 
O be the centre, A OB (fig. 71) a diameter of the given 
circle. Draw the tangent (48) Fip, 7J. 
GAH, and also the diameters 
E O C, D P, dividing the circle 
into six equal sectors as in the 
last problem (74). Bisect each 
of the angles E A, A F by 
the lines O'G, OH, meeting the 
tangent in Q and H. Bisect the 
angle G H by G K, cutting A 
in K. From O as a centre, with 
OK as radius, describe a circle cutting the diameters in 
the points, L, M, N, &c. Then circles drawn from the 
points K, L, M, &c., as centres, with K A as radius, will 
all touch the given circle and will touch each other. A 
circle drawn from as a centre, and with radius S equal 
to KA, will touch each of the inscribed circles. The 
radius of each of the inscribed circles in one-third that of 
the given circle. 

76. To inscribe twelve equal circles in a given circle. — 
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Fig. 72. 




Let O (fig. 72) be the centre, AO the radius of the given 
circle. Divide the circle into 
twelve equal sectors as in the 
last problem (75), and bisect 
one of those sectors by the 
radius C ; draw the tangent 
(48) B C at C perpendicular to 
O C, and bisect the angle C B O 
by the line B D, cutting C in 
D. Bisect each of the other 
angles, and, from as a centre, 
with D as radius, draw a circle cutting the radii in the 
points, ]'], F, G, &^. Then circles drawn from the points 
D, E, F, &c., as centres, and with D C as radius, will touch 
each other and the circumference of the given drcle. 

Taking the radius A as 1,000 on any scale, the length 
of the radius CD will be 206. 

77. To inscribe four equal circles in a given circle. — Let 

Fig. 73. E F, G O H (fig. 73) be two 

diameters of the given circle, 

intersecting each other in the 

centre O, at right angles to one 

another. Draw the tangent 

(48) AFB paraUel to GH. 

Bisect the angles F G, F O H 

by the Unes O A, B cutting 

the tangent in A and B. Let 

OA cut the circumference at 

P ; on F take F K equal to 

P A, then the circle drawn 

from K as a centre, with KF as radius, will touch the given 

circle at F, and also the lines O A, B. Then from O as 
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a centre, with K as radius, describe a circle cutting the 
diameters in L, M, N ; the circles drawn from these points 
as centres, and with F K or A P as radius, will be inscribed- 
ill the given circle. 

The point K can also be found by bisecting the angle 
OABby thelincAK. 

If the radius of the given circle is 1,000 on any scale, 
then the length of A P or K P, the radius of each of the 
inscribed circles, will be 414, and that of OK 686, on the 
same scale. 

In order to describe the small circles touching the given 
circle and the inscribed ones, draw KTE parallel to GH, 
and cutting A in E. A circle drawn from R as a centre, 
with E P as radius, will touch two of the inscribed circles, 
and also the given one at P. Also a circle drawn from O 
as a centre, with radius O S equal to R P, will touch all the 
inscribed circles. 

78. To inscribe eight equal circles tn a given circle. — Let 
O (fig. 74) be the centre, C the radius of the given circle. 
Divide it, as in the last problem, p- ^^ 

(77) into eight equal sectors, and 
let A B be one of these sectors, 
the angle A B being bisected 
by OC. Draw the tangent CT 
(48) perpendicular to OC and 
. meeting OB in T. Bisect the 
angle OTC by the hue DT, 
cutting C in D. Then a circle 
described from D as a centre, 
with D C as radius, will touch the given circle at C, and 
also the lines A 0, BO; this will be one of the required 
circles. From as a centre, and with OD as radius. 
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describe a circle cutting all the other diameters in E, F, G, 
&c., which will be the centres of the other inacribed circles, 
their radius being equal to D C. 

If C is represented on scale by 1,000, then the length 
of C D will be 277, and that of B 723. 

79. In a given circle to insanbe jive equal circles. — ^Let , 
O (fig. 75) be the centre, BOA the diameter of the given 

circle. Construct the isosceles 
I triangle B O K (ZS), having each 
angle 0KB, OBKat the base 
double the angle BOK at the 
vertex. Draw the tangent BT 
at right angles to B 0, and pro- - 
I duce OK to meet it at T. 
I Bisect the angle OTB by the 
line TM, cutting OB in M. 
^ Then a circle described irom M 
as a centre, with M B as radius, will be one of the inscribed 
circles required. Take KG, GJ, JP, &c., each equal to 
K B, and draw the diameters through the points G, J, &c. 
From O as a centre, with M as radius, describe a drcle 
cutting these diameters in the points N, P, Q, K, which 
will be the centres of the other inscribed circles. 

If the length OA of the radius of the given circle is 
represented on any scale by 1 ,000, then that of each inscribed 
circle is 370, and of OM 630. 

80. In a given circle to inscribe ten equal circles. — Let 
(fig. 76) be the centre and OA the radius of the given 
circle. Divide the circle into ten equal sectors, as in the 
last problem (7»), and let A OB be one of those sectors. 
Bisect the angle A B by the radius O C, and draw the 
tangent C T perpendicular thereto. Bisect the angle O T C 
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by the line T D, cutting O C in D ; then the circle drawn 
from D as a centre, with D C for radius, will be one of the 
iDscribed circles required. To 
find the others, bisect each of the 
other sectors, and from as a 
centre, with OD as radius, de- 
scribe a circle cutting the bisect- 
ing radii in E, F, G, &c. ; these 
will be the centres of the remain- 
ing inscribed circles, their radii 
being equal to D C. 

If the radius of the given circle 
is 1,000 on any scale, then that of each inscribed circle 
will be 236, and the length of D is 794. 

81. In a given circle to inscribe (approximately) seven 
equal circles. — The method of solving this problem is only an 
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approximation, but sufficiently 
true for, most practical purposes. 
Let O (fig. 77) be the centre, 
AOB a diameter of the given 
circle. Draw DOC at right 
angles to AOB and produce 
it to X. Divide the radius into 
four equal parts and measure 
CX equal to three of those 
parts. Divide AB into seven 
equal parts at o, b, c, rf, e, f. 
Through b draw X6E, meet- 
ing the circle at E. Draw the 
radius O E and bisect the angle E A by the fine H O ; draw 
T H the tangent at H perpendicular to H 0, and produce 
E to meet it at T. Bisect the angle A T by the line 
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T I, cutting O H in I ; then a circle described from I as a 
centre, with IH aa radius, will be cme of the inscribed 
circles required. To find the rest, take H P, P F, F Bj, &e^ 
each equal to A E, and draw the diameters tluisagii H, P, 
F, &C. From O aa a centrer and with O I as nu&osy de- 
scribe a circfe cutting the diameters in the pMnta S, F, 4c^ 
which will be the centres of the other inBcribed cirdea. 

If the radius of the given circle is 1,000 oq any seaJ^ 

then that of each inscribed circle will be 303, and tbe 

length of the radiia O I will be 697, on the same acale. 

82. To cireiinvicrUie a ciri:U aftipit a given triangU. — 

P;^^ Let ABC (fig. 78) be tbe 

<ziven triangle. Bisect A B 

in D and B C in E. Draw 

EO and DO at right angled 

to BC and AB, and \&. 

them meet at the point O. 

Join OA. Th^i a circle 

drawn from O as a centre, 

with O A as radios, will pass 

through the Totkes A, B, C 

of the tiian^. 

•3, To circuiMcribe a circle about any given regidar 

polygm^-ljsA FUGIK (fig. 68) be the given polygon. 

Bisect the two adjacent angles KFH, FHG by the lines 

F O, H O, meeting at O. Then the circle described from O 

tm a centre, with O F as radius, will pass through all the 

vertices of the polygon. 

I5SCBIBED A.'O) ClRa-MSCEIBED POLTGOSS. 

94. In a f/iven circle to inscribe a triangle similar to a 
ijiven triangle.—hcl ABC (fig. 79) be the given triangle, 
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O the centre, and D G the diameter (fig. 80) of the given 

Fiji. 80. 
T"ig. 79. 





circle. Draw GE making with the diameter the angle 
D G E equal to the angle A C B. Draw the chord E D, and 
draw D F makmg the angle E D F equal to the angle BAG. 
Join E F, then the triangle D E F is similar to the ^ven tri- 
angle, and is inscribed in the given drcle. 

8S> About a given circle to circumscribe a triangle similar 
to a given triangle. — Let ABC (fig. 79) be the given 
triangle, and let O be the centre (fig. 81) of the given circle, 
Fip. 81. 




O M its radius. Produce A B to K and L ; at any point M 
draw tlie tangent to the circle Q M B at right angles to the 
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radius M, and draw N making with M the angle M N 
equal to the angle C B L (7). Draw the tangent S N K at 
right angles to the radius O N, and cutting Q M R in the 
point R. Draw OP making with ON the angle PON 
equal to the angle KAC, and at P draw the tangent SPQ 
at right angles to OP, and cutting RMQ in the point Q. 
Then the triangle SRQ is similar to the triangle ABC, 
and h circumscribed about the given circle. 

86* In a given circle to inscribe an equilateral triangle. 
-^Let O be the centre (fig. 82) of the given circle, DOC a 



Fig 


82. 




■ 




■hhhI 





diameter. From D as a centre, with D O as radius, de- 
scribe an arc cutting the circle in A and B. Join A, B, C ; 
then A B C is an equilateral triangle inscribed in the circle. 
87. About a given circle to circumscribe an equilateral 
triangle. — ^Let be the centre (fig. 82), DOC a diameter 
of the given circle. Produce D C to F, making C F equal 
to the radius of the circle. From the point F draw P G E, 
FHK tangenU (51) to the circle at G and H. Draw 
K D E the tangent (48) at D, and cutting the other tan- 
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gents in tbe points E and K. Then K E F is an equilateral 
triangle circumscribed about the given circle. 

88. In a given circle to inscribe a sqv/ire. — ^Let O be 
the centre (fig. 67) of the given circle, EOF a diameter. 
Draw the diameter GOH at right angles to EOF, and 
draw the chords EH, HF, FG, GE. Then GEHF is a 
square inscribed in. the given circle. 

89. About a given circle to circumscribe a square, — ^Let 
O be the centre (fig. 67) of the given circle, EOF a 
diameter. Draw the diameter GOH at right angles to 
EOF; and draw AEB, DFC, tangents at E and F, 
parallel to G H. Also draw A G D, C H B, tangents at 
G andH, parallel to EOF. Then ABCD is a square 
circumscribed about the given circle. 

90m In a given circle to inscribe a regular octagon or 
figure of eight equal sides, — ^Let be the centre (fig. 67) 
of the given circle, HOG, EOF two diameters at riglit 
angles to each other. Bisect the angles E G, E H by 
the diameters 1 L, K M, cutting the circle in I, K, L, M. 
Draw the chords IE, EK, KH, i&c, and the inscribed 
octagon is completed. 

91. About a given circle to circumscribe a regular octa- 
gon. — ^Let be the centre (fig. 67) of the given circle, 
ABCD the circumscribed square (89). From A, B, C, 
and D as centres, with A as radius, describe arcs cutting 
the sides of the square at P, Q, E, &c. Then the lines 
joining these points will form a circumscribed octagon. 

Another method is to draw the diagonals AC, BD of 
the circumscribed square cutting the circle in I, K, L, M. 
Draw tangents PQ, ES, &c., at I, K, &c., parallel to the 
diagonals, and the octagon is completed. 

In a given circle to inscribe a regular pentagon or 
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decagon. — Let be the centre (fig. 68) of the given circle, 
OF a radius. Construct the isosceles triangle OFL (25), 
having each angle at the base OFL, L F, double the 
angle FOL at the vertex. Then FL is one side of an 
inscribed decagon or polygon of ten sides. Take L K equal 
to L F and draw the chord F K, which is one side of an 
inscribed pentagon or figure of five sides. By drawing arcs 
from F and K as centres, with F K as radius, cutting the 
circle at H and I, we obtain two more points on the 
pentagon ; and drawing the diameter LOG, we find the 
fifth point G. Draw the chords FH, HG, GI, IK, and 
the pentagon is completed. 

Bisect the angles FOH, HOG, GDI, lOK, by the 
lines M, N, &c., and the points L, F, M, H, N, &c., are 

* • • • 

the vertices of the inscribed decagon, and by drawing the 
chords F M, M H, &c., the decagon is completed. 

93. About a given circle to circumscribe a regular penta- 
gon or decagon. — Let be the centre (fig. 68) of the given 
circle, FOP one of the diameters. Construct the isosceles 
triangle F L, having each angle at its base FL double the 
angle at the vertex (*5). Draw the tangent A F E at 
right angles to OF, and produce OL to meet it at E; take 
F A equal to F E, and E A will be one side of the required 
pentagon. Draw the diameter LOG, and bisect the angles 
F G, L P by the diameter H Q. Join A and pro- 
duce A to meet the circle at I. At H, G, and I draw the 
tangents A H B, B G C, C I D, each equal in length to A E ; 

t* - 

and join DE. Then ABODE is the circumscribing pen- 
tagon or figure of five sides. 

To construct the circumscribing decagon, or figure of ten 
sides, draw tangents at L, M, N, P, and Q on the circum- 
ference, cutting the sides of the circumscribed pentagon, 
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and the figure thus formed will be the circumscribing de- 
cf^on. 

94. In a given circle to insci'ibe a regular hexagon, or 
jigure of six equal sides. — Let be the centre (fig. 83), 




A O D the diameter of the given circle. From A and D 
as centres, and with A O as radius, describe arcs cutting 
the circle in B, C, E, and F. Draw the chords A B, BC, 
&c., and the inscribed hexagon A B C D E F Is completed. 

99. About a given circle to circumscribe a regular hexa- 
gon. — Let be the centre (fig. 83) of the given circle, 
AOD a diameter. From A and B as centres, and with 
A O as radius, describe arcs cutting the circle in B, C, E, 
and F. Draw the tangents to the circle (48) at the points 
A, B, C, D, E, and P, and let them meet at the points 
H, K, L, M, N, and P; then the figure HKLMNP will 
-be the circumscribed hexagon. 

96. To inscribe in a given circle a regular dodecagon, or 
Jigure of twelve equal sides. — Let O be the centre (fig. 84) 
of the given circle, A OB, COD two diameters at right 
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angles to each other. ' From A, B, C, and D M centrcR, 
and with O A as radius, describe arcs cutting the circle In 

Fifr. 84. 




E, F, G, H, &R. Draw the chorda AE, EF, FC, &c., and 
the dodecagon is inscribed in the given circle. 

»7. About a given circle to circumscribe a regular dode- 
cagon — Let be the centre (fig. 83) of the given circle. 
Construct the circumscribing, hexagon (•») HKLMNP, 
and draw the diagonals H M, K N, L P, cutting the circum- 
ference in a, b, c, d, e,f. Draw tangents at the points a, A, 
&c., intersecting the sides of the circumscribing hexagon 
in the points g, h, i, k, &g., and a dodecagon ghikl, &c., 
will be circumscribed about the circle. 

08. In a given circle to inscribe a quindecagon^ or 
figure of fifteen equal sides. — Let O be the centre (fig. 85) 
of the given circle, A O B a diameter. From A as a centre, 
and with A O as radius, describe an arc cutting the circuni- 
ference in C and H. Draw the chords CH, HB, BC; 
then BCH is an inscribed equilateral triangle. 

From C inscribe a regular pentagon (»z) CDEFG in 
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the circle. Draw the chords HE, FB, which are two of 
the aides of the quindecagon. TakeFO, ER, HI, DK, 




CL, CM, GN. GP, each equal to H E or FB, and draw 
the chords; then the regular quindecsijron is inscribed in 
the circle. 

99. In a given circle to inscribe a po'ygun of any numher 
of equal sides. — Let O be the centre (lig. 86) of the given 
circle, AB and CD two diameters drawn at-rif^lit angltSs to 
each other. Divide the right angle B C into as many equal 
angles (9) as the required polygon is to have sides, and let 
FOB be taken equal to four of such angles. Then the 
chord B F will represent one of the sides of the inscribed 
polygon, and the remaining sides can be drawn as in the 
previous examples. Thus, for example, let the required 
polygon have sixteen equal aides. Bisect the angle BOO 
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by the radius EO, and bisect the angle EOB by the radius 
F 0. Then tlie angle F O B is equal to four-sixteenths of 



Fij. 


86. 


1 


H 
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H 



the right angle B C, or to one-sixteenth of the whole cir- 
cumference ; and the chord B F will represent a side of the 
required polygon. 

The number of sides which an inscribed polygon can 
have is hmited to the number of equal parts into which a 
right angle can be divided (»). These are any power of 
2 and any number being a product of 3 into a power of 2. 
■ 100. About a given circle to circumscribe a polygon of 
any number of equal sides. — First inscribe a polygon (99) 
having the same number of sides as the required polygon. 
Let BF, FE, &c. (fig. 86), be sides of the inscribed poly- 
gon ; draw the radii O B, F, O E, &c., and at the points 
B, F, E, &c., draw tangents perpendicular to the radii. 
Then these tangents will form a polygon of the required 
number of sides circumscribing the given circle. 

101. To measure the curvature of curved lines. — Let 
A B (fig. 40) be the diameter of a circle, A T the tangent 
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at A, dmw T? perpendicular to AT, and meeting the 
circle at the point P. The curvature of the circle is 
measured by the length P T as compared with the length 
AT, and is the same throughout every part of the same 
circle, A T being a fixed length. Also in two given circles 
of difierent radii, if A T is taken the same length in each, 
then P T will be proportional to the length of the radii of 
the circles. On account of this property that by varying 
the diameter of the circle it can be made to have any 
curvature we please, the circle is used to measure the 
curvature at any proposed points of other curves. 

The circle which at any point of a given curve has the 
same tangent and curvature as the curve is called the 
circle of curvature at that point, the curvatures being in the 
same direction ; and its radius is called the radius of cur- 
vature of the given curve at that point. 

If the given curve coincides for a short length of arc 
very nearly with the arc A P (fig. 40) of the circle, then 
AO is the radius of curvature to the curve at A, and its 
length is found by dividing the square of the arc A P by 
twice the deviation PT. The length of the radius of 
curvature can be found by aid of the differential calculus 
for every point upon any given curve ; and by this means 
we are able to ascertain whether the curvature fs increasing 
or decreasing, and whether the curve is concave or convex. 
When a continuous mathematical curve changes from con- 
cavity to convexity, the radius of curvature becomes in- 
finite at the point where the change takes place, which is 
called the point of contrary flexure^ the curve becoming 
nearly straight about that point. As it approaches the 
point of flexure the curvature gets less and less, and the 
radius of curvature greater and greater. 

F 2 
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CHAPTER in. 

CONIC SECTIONS. 

102. Definitions. — The term Conic Sections is applied 
by mathematicians to three curves which can be obtained 
from a cone having a circle for its base, by cutting it with 
a plane surface ; the nature of the curve being determined 
by the direction in which the plane cuts the cone. Thus, 
if the plane cuts right through obliquely from side to side 
of the cone, the outline of the section so produced is the 
curve called an Ellipse, varying in shape according to the 
angle which the cutting-plane makes with the axis of the 
cone. Hence it is evident that any perspective representa- 
tion of a circle must be an ellipse ; for if we suppose the 
position of the eye to be the vertex, all the rays of light 
from the perimeter of the circle will form a conical surface, 
which being cut across by the plane of the picture, projects 
thereon an ellipse. 

When the cutting-plane above mentioned is made to 
cut through one side only of the conical surface in a 
direction parallel to the other side, the outline or curve 
which we obtain is called a Parabola. Of this curve 
there are no varieties, there being but one parabola, larger or 
smaller according to the scale to which it is drawn ; just as 
there is, mathematically speaking, but one circle. 

By making the cutting-plane pass through one side of 
the conical surface in a direction parallel to its axis, the 
curve called the Hyperbola forms the outline of the section. 
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We can obtain an infinite variety of hyperbolas by vary- 
ing the vertical angle or amount of slope which the cone 
possesses. 

In considering, however, these three curves, their con- 
nection with the cone may be entirely lost sight of, and 
they can be treated as curves whose proportions and 
properties have been discovered purely by mathematical 
reasoning. Upon no other subject connected with geometry 
has so much been written as upon the conic sections, being 
curves of great importance in almost all scientific investi- 
gations. We shall, however, in the following pages confine 
ourselves chiefly to the consideration of such properties of 
these curves as render them peculiarly suitable for applica- 
tion to architectural design. 

The Ellipse. 

103. Definitions. — An Ellipse is an oval-shaped curve 
entirely enclosing a surface as ABDE (fig. 87), and may 
be regarded as a flattened circle. Its greatest length A B is 
called the major-axis^ and the greatest width B E the minor- 
axis ; these axes intersect at right angles in a point C called 
the centre. If from B as a centre, with AC as radius, a 
circle is drawn cutting the major-axis at S and H, each of 
those points is called b, foots of the ellipse ; and it is a pro- 
perty of the curve that if lines S P, H P are drawn from 
the foci to any point P on the curve, the sum of the lengths 
of those lines is always equal to the length of the major- 
axis A D ; the line S B is called the radius-vector^ which 
may be supposed to be a moving rod having one end fixed 
at S and the other end always on the curve. When C B is 
nearly equal to C A, then S and H are near the centre ; 
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but if CB is much less tlian CA, S and H are near the 
extremities of tlie major-axis, and at a distance from the 




centre ; consequently the ratio of C S to C A is called the 
eccerUriciiy of the ellipse, which increases in quantity with 
its flatness, and decreases as it approaches nearer and 
nearer to a circle in form. A tangent is a straight line as 
P T, which touches the curve without cutting it ; a normal 
is a right-line as P N, perpendicular to the tangent at the 
point of its contact with the curve. 

104. To describe an ellipse of given length of axes by 
continuous motion. — Let ACD, BCE, he the given axes 
(fig. 87). From B as a centre, with AC aa radius, draw 
an arc cutting A D in S and H the foci of the proposed 
ellipse. Fix pins at S and U, and attach thereto a string 
whose length, when tightened, is equal to A D. Tighten 
the string by means of a pencil round which it can move 
freely, and as the pencil moves from A towards B or E it 
wiU trace out the ellipse. The arc from A to B, or A to 
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E, is one-fourth of the eUipse, and is exactly equal and 
similar to the part from D to B, or from D to E ; the axes 
dividing the elUpse into four equal and similar parts. 

10 B. To find any number of points to the circumference 
of an ellipse of given axes. — Let S and H (fig. 87) be the 
Ibci of the elUpse, determined -as described above (103). 
; 'Xiike any point X between C and S, and from S as a centre, 
with AX as radius, describe a circle, and from H as a 
'f dtotre, with D X as radius, draw an arc cutting the circle 
■; in the point P, which will be a point upon the circumference 
irf the required elUpse. Then by taking any number of 
points on the axis between C and S, we can find a corre- 
l^nding number of points on the curve, in the same way 
as P is found. The curve can then be approximately 
drawn by hand through the points thus found, or by means 
of a straight-edge bent through the points. 

106. To draw an ellipse by help of the circumscinbed 
circle^ the length of the axes being given. — Let A C D, B C E, 
be the axes (fig. 87) of the ellipse. From C as a centre, with 
C A as radius, describe a circle A F D. Take any point M on 
the major-axis and erect the ordinate M E, perpendicular to 
the axis, cutting the circle at E. Draw the chord of the 
circle F E and produce it to meet the axis produced in ; 
draw E cutting M E at Q, then Q is a point on the re- 
quired elUpse. MQ is also a fourth-proportional (16) to 
CF, CE, and ME. In this manner we can find any 
number of points on the ellipse by drawing ordinates from 
the axis to the circle and finding a fourth-proportional to 
CF, CE, and the ordinate to the circle. 

The points on the ellipse can also be practically found by 
the use of two different scales. Let CD or C F represent 
100 on any scale, and let C E measure 100 on a smaller 
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5cale ; then whatever M E, the ordinate of the circle, mea- 
sures on the first scale, the same will the ordinate M Q of the 
ellipse measure on the second scale. Any number of points 
can be thus determined with tolerable accuracy, and the 
ellipse may be drawn through them by hand. The points 
on the ellipse can also be found from those on the circle by 
help of a pair of proportional compasses set in the ratio of 
ACtoBC. 

107. To draw a tangent at any given point on an ellipse^ 
by help of the foci. — Let S and H (fig. 87) be the foci of 
the ellipse, P the given point on the circumference. Draw 
S P, H P, and produce H P to Z, making P Z equal to P S ; 
and join S Z. Bisect S Z at K, and draw P K T, which is 
the tangent to the ellipse at the point P. 

The tangents at A and D are perpendicular to the major- 
axis A D and parallel to the minor-axis B C E ; those at B 
and E are parallel to the major-axis A CD, and at right 
angles to the minor-axis B E. 

108. To draw a tangent at any point of an ellipse^ by 
help of the circumscribed circle, — Let A F D be the circum- 
scribed circle (fig. 87) struck fi-om the centre C; Q the 
given point on the circumference of the ellipse at which the 
tangent is to be drawn. Draw the ordinate M Q E at right 
angles to the axis A D, and cutting the circle at E. Draw 
E V the tangent to the circle at E (48), cutting the axis 
produced at V. Draw V Q which will be the tangent to 
the ellipse at Q. 

109. To draw a tangent to an ellipse from a given point 
on the major-axis produced. — Let V (fig. 87) be the given 
point from which the tangent is to be drawn. Draw any 
line V W, making an acute angle with V A, and take V U 
equal to the half-major-axis DC. Join CU, and draw 
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A W parallel to C U. Take C M equal to U W and erect 
the ordinate M Q at right angles to C M ; then the line V Q 
will be the tangent at the point Q. C M is the third pro- 
portional (15) to C V and C A, or C V : C A :: CA:CM. 

110. To draw the normal, or perpendicular to the tangent 
at any given point on an ellipse. — ^Let P be the given point 
(fig. 87) on the ellipse, S and H the foci. Draw SP, HP, 
and produce H P to Z, making P Z equal to P S ; join Z S, 
and draw P N parallel to S Z ; then P N is the normal at P 
and is at right angles to the tangent P T (107) at that point. 

The normal can also be drawn by bisecting the angle 
SPHby thelinePN. 

At the points A, B, D, E, the axes themselves are the 
normals to the ellipse. 

Whenever the ellipse is employed in architecture as the 
contom- of an arch, the directions of the joints of the 
voussoirs must be in the normals to the curve. 

111. To draw tangents to an ellipse from any given point 

FiK.88 




outside of it — Let P be the given point {fig. 88) outside 
the ellipse. From P draw three right-lines PGC, PFD, 
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PHE, cutting the ellipse in G, F, H, C, D, K Draw the 
diagonals EF, DH, DG, CP, intersectiug at X and Y. 
Draw the right-line A B passing through the points X and Y, 
and cutting the curve at A and B. Then the lines P A, P B 
will be tangents to the ellipse. In this way two tangents 
can be drawn from any given point outside the curve. 

112. About a given ellipse to circumscribe a trapezium 
of which two opposite vertices are given. — Let P and Q, 
(fig. 88) be the given vertices of the proposed trapezium, 
ABCD the given ellipse. Draw from P by the last pro- 
position (ill) P E, P S, tangents to the ellipse ; also from Q 
draw QR, QS, tangents to the ellipse intersecting the 
former pair of tangents in the points E and S; then the' 
figure P RQS will be the trapezium required. 

Fig. 89. 
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X13, To approximate to the outline of an ellipse by means 
of arcs of circles. — Let AD (fig. 89) be the major-axis, 
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B C the semi-minor-axis of the ellipse, S and H the foci. 
Find any number of points E, F, G, &c., upon the curve 
by the foregoing methods (105) and draw the normals 
(110) EL, FM, GN, &c., at those points. Let the 
normal at E intersect A C at L, and from L as a centre, 
with LA or L E as radius, describe an arc A E. Let the 
normal at F meet that from E at the point M, and from M 
as a centre, with M E or M F for radius, describe the arc 
E F. Let the normal at G intersect the normal at F in the 
point N, and from N as a centre, with N F or N G as radius, 
describe the arc F G. Proceeding in this way at the other 
points we can obtain a contour consisting of a number of 
arcs of circles varying in curvature which will form a near 
approach to the outline of an ellipse. 

The larger the number of points that are taken on the 
ellipse the nearer will the resulting curve appear to ap- 
proach to a true ellipse. 

114. Definitions. — Any line A ]B (fig. 90) drawn across 
an ellipse and passing through the centre (C) is called a 
diameter; if a second diameter DE is drawn parallel to 
the tangents FAG, H B I, at the two ends of the first, the 
two diameters are said to be conjugate. Any line drawn 
fix)m one diameter to the curve and parallel to the other 
diameter is an ordinate. The tangents at the two ends of 
any diameter are parallel to one another. Each conjugate- 
diameter bisects every chord of the ellipse which is drawn 
parallel to the other conjugate-diameter. 

The tangents at the ends of a pair of conjugate-diameters 
form a circumscribing parallelogram F G H I to the ellipse, 
which is always the same in area, and is divided into four 
equal parallelograms by the conjugate axes. Two lines 
drawn from a point on an ellipse to the extremities of a 
diameter are called supplemental chords^ as a E, a D. 
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115. A pair of eonjugate-axea being given to find points 
on the ellipse by means of the supplemental chords. — Let 
AB, DE (fig. 90) be the given axes, C the centre of 

Fig.90. 




the ellipse. Divide AC, B C, into any number, as four, 
equal parts by the points 1, 2, 3. Also divide AF, BI, 
into the same number of equal parts, and join the points 
1, 2, 3, on those lines with the point D. From E draw 
chords passing through the points on A C, B C, and cutting 
those drawn trom D in a, b, c, which will be points on the 
perimeter of the ellipse. 

Another method. 

Let AB, DE (fig. 91) be the given axes, C the centre of 
the elUpse. Draw H A F parallel to D E, and make A F 
and A H each equal to D E. Draw F G parallel and equal 
to A B. Divide F G into any number, say four, equal parts 
by the points 1, 2, 3 ; also divide A H into the same 
number of equal parts, and draw lines to B from each 
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dividing point on A H. Through A draw lines from each 
of the points on F G intersecting the chords drawn from B 




in a, b, c, which will be points on the circumference of the 
required ellipse. 

116. Tn a given parallelogram to inscribe an ellipse. — 
Let FGHI (fig. 90) be the given parallelogram. Bisect 
the sides in the points A, B, D, E; and join DE, AB, by 
lines intersecting at C, which will be the centre of the 
required ellipse, AB and DE being conjugate diameters. 
Proceed to find points on the circumference as before 
described (115), and draw the curve touching the parallelo- 
gram at A, B, D, and E. 

117. Any pair of conjugate diameters of an ellipse being 
given to find the axes. — Let AB, DE (fig. 90) be the given 
diameters, C the centre of the ellipse. Draw the tangent 
GET parallel to A B, and erect the line E K perpendicular 
to E T and equal to C B. Now find the centre of the circle 
which shall pass through C and K and have its centre on 
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the tangent ET; this is done by joining CK and biaecting 
C K at right angles by the line K meeting the tangent at 
0. Join O K, then from as a centre, with O K as radius, 
describe a circle cutting the tangent in the points T and t. 
Join CT, Ci, and these will be" the directions of the axea of 
the ellipse, since BC is a mean proportional between ET 
and E /. To find the points N and P where the azea cut 
the ellipse, join KT, K^, and on them take Kn, £m, each 
equal to K E. Draw n N, m P, parallel to K C ; then C N, 
C P are the lengths of the half-major and minor axes of 
the ellipse. 

118. To apply the ellipse to form the contour of arcki- 
tectural mouldings. — Let it be required to draw an ovolo of 
which the tangent at one point D (fig. 92) is given, and 




also the greatest projection at A. Draw the vertical line 
A F, and also D C parallel to A F. Draw A C parallel to 
F D ; then C is the centre of the ellipse, C A and C D semi- 
conjugate diameters, and the ellipse can be drawn by points 
as described above (llS). 
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Other forms of the ovolo can be drawn by taking A C, 
BC (figs. 93, 94), as the semi-axes, the flatness or round- 

Tif. 94. 
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nesa of the curves being regulated by the ratio of CA to 
CB. 
The cavetto or hollow moulding (fig. 95) van be formed 

51g. 95. 
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out of a portion of an ellipse, C being the centre, C A and 
C B the semi-axes. 
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A portion of an eliipse DAE (figs. 96, 97) will serve to 

Fin. fl7. 

Fiff. 96 





form the sectton of a Gothic torua or base moulding, C 
Fi(f. 08. being the centre of the ellipse 

U C A and C B its semi-axes. 

Two quadrants of different 
ellipses can be employed, as in 
fig. 98, to form a moulded Gothic; 
string-course ; C being the centre, 
and CA, CB the semi-axes of 
one ellipse; c the centre, and ca, 
cb the semi-axes of the other eUipse. 

In fig. 99 is shown how the ellipse can be applied to 
Fig. 9a. 
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form the sections of flutings for columns ; E B F being the 
outline of the fluting rather less than half an ellipse, whose 
centre is at C, and whose semi-axes are C A, C B. 

119. To apply the ellipse to form the contour of leaf 
ornaments. — Let BD (fig. 100) be the 
axis of the leaf; draw AC, A'C in- 
tersecting the axis at E, and making 
equal angles with it. Draw B C per- 
pendicular to A C, B C to A' C ; then 
AC, BC are the semi-axes of an 
ellipse, and A'C, BC those of an 
equal and similar ellipse. The ellipses 
B A D, B A' D can be drawn by either 
of the previous methods (104, 105), 
and the contour of a leaf will be 
formed. 

Let PQ (fig. 101) be the axis of the leaf, QT a line at 
right angles to QP.. Let QT be pj^^ j^j 

the tangent to both the arcs of the 
ellipses, of which C and C are the 
centres, CA, CA' the semi-major 
axes, making equal angles with 
P Q ; B C, B' C the semi-minor axes. 
Then the contour of the leaf can 
be drawn as before, Q T being the 
tangent to both the ellipses at Q. 

In this way any variety of outline 
can be obtained for purposes of or- 
□amentatioD. 

120. To apply the ellipse to form the entasis of a column. 
— Let BC {fig. 102) be the axis of the column, A C its 
half-diameter at base, BD the half-diameter at summit. 
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Draw DE parallel to BC, then AE is the differeoce be- 
tween the top and bottom radii. 
From C as a centre, with C A as 
radius, describe a circle cutting 
DE at K. Divide BC into any 
number of equal parts at B, S, T, 
&c., and draw RQ, SP, &c., at 
right angles to B C. Divide E K 
into tlie same number of equal 
parts as BC is divided into, at 
the points a, b, c, &c,, and draw 
al, b III, &c., at right angles to 
E K, and cutting the circle in the 
points I, m, &c. Through I, m, n, 
&c., draw lines parallel to BC 
intersecting those through B, S, T, 
&c., at the points Q, P, &c. ; 
then Q, P, &c will be points 
upon the circumference of an 
ellipse, and the curve can be 
drawn by bending a straight-edge 
through them. 

121. To apply the ellipse to 
form the outline of a Tudor arch. 
—Let A C, B C (fig. 103) be the 
semi-axcB of an ellipse of con- 
siderable eccentricity, BC being 
greater than the vertical height 
of the proposed arch from the 
springing, and AC greater than 
its half-span. Draw A L at right 
angles to AC, and let AK or 
AL be the height of the arch, 
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AN or A M its half-span. Draw N Q or MP at right 
angles to A C, and K Q, L P parallel to A C ; then the are 

Fiir. lOS. 




AQ or AP forms one side of the arch required. The 
opposite fflde, Q E, or P C, will be drawn by repeating A Q, 
or A P. 

By this method, a continuous curve is obtained from the 
spriu^ng to the vertex, the change of curvature taking 
place gradually throughout, and not suddenly, as is the case 
when the arch is struck by two different arcs of circles, 
forming an abrupt change in the rate of curvature at their 
point of junction. 

Rg. ]04. 




!**• A diameter of an ellipse and an ordinate being 
given, to Jind the conjugate diameter. — Let A B (fig. 104) be 
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the g^ven diameter, F G the given ordinate. Bisect A B in 
C. At F, draw F H at right angles to A B ; and from C aa 
a centre, with C A as radius, describe a circle cutting F H 
in H. Take A I, equal to F H, and draw I K parallel and 
equal to F G. Draw D C E parallel to F G, join A K, and 
produce it to meet D E at D. Make C E equal to C D, and 
D E is the conjugate diameter required, 

123. To inscribe an ellipse in a given trapezium. — Let 
ABCD (fig. 105) be the given trapezium. Produce the 




sides to meet at the points F and Q. Draw the diagonals 
intersecting at I. Through I draw PEIG, QFIH; then 
the ellipse will touch the sides of the trapezium at the 
points E, F, G, H. Bisect E G at T, and P H at V. Draw 
P V 0, Q T intersecting in O ; then O is the centre of the 
required ellipse. 

Join E 0, and produce E O to K, making O K equal to 
O E. Then E K is a diameter of the ellipse, and H L, M F, 
drawn parallel to A D, are ordinates. Therefore the con- 
jugate diameter can be found by help of the last proposition 
(1Z2), and the ellipse drawn by the mctliod before de- 
scribed (us). 
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This method is of use in drawing a perspective represen- 
tation of a circle, the trapezium being the representation of 
a square circumscribing the circle. The point K is not 
necessarily upon the line B C. 

The Hyperbola. 

124. Definitions. — The name hyperbola is given to a 
class of curves which are not enclosed, or that do not 
enclose a spaqe. These curves have two branches, as A L, A Z 
(fig. 107), each of which start from the same point, A, and 
go off to infinity ; the two branches are exactly alike, and 
are divided from each other by a right-line, C S, passing 
through the vertex^ A, of the curve, which is the point 
where the two branches meet ; this line, C S, is called the 
axis of the curve, and lines S L, S /, drawn at right angles 
to the axis, cut the two branches of the curve at equal 
distances therefrom. The hyperbola has two foci^ S, H 
(fig. 106), and the point C, halfway between the foci, is 
called the centre. The ratio of the distance of the centre 
from the focus S, to its distance from the vertex A or 
C S : C A, is called the eccentfincity of the curve, which is 
increased as A is moved towards C, and decreased as A is 
moved away from C ; thus (fig. 107) there are three hyper- 
bolas of different degrees of eccentricity, but having a 
common centre and focus. Any line drawn from the focus 
S to the curve, as S P (fig. 106), is called the radius-vector. 
Two lines intersecting at the centre C (fig. 107), and 
making equal angles with the axis C S, as C B, C A, to 
which the curve is continually approaching without ever 
reaching, are called asymptotes. When the asymptotes 
make a right-angle with each other, the curve to which 
they belong is called the rectangidar-hyperhola. The ordi- 
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nate drawn tlirough the focus S, as SL (fig. 107), at right 
angles to the axis, is called the latm-rectum. Any distance 
measured along the axis, either from the centre C or the 
vertex A, is calletl an abacissa. 

125. To draw an hyperbola by continuous moiion. — 
Draw a straight line, HCS (fig. 106), as an axis, and let 
Fi(f. loe. 




H S be the given distance apart of the foci, C the centre, A 
the given vertex. Between A and C take A X, equal to 
A S. Let a ruler, as H Q, be made to revolve about a pin 
at one end, H, in the axis ; and from H measure on H Q, 
the length H Y, equal to H X. At Q, fasten a thread of 
length equal to QY, and attach the other end to a pin at 
the focus S. Let the ruler lie upon the axis, and the thread 
be tightened by a pencil pressed against the edge of the 
ruler. Then, as the ruler revolves about the point H, the 
pencil keeping the thread tight will mark out the cujre 
beginning at the vertex A. 

Tliis method is derived from the property of the hyper- 
bola that the difference between the focal distances of any 
point P on the curve are always the same; that is, HP 
— S P is always equal to H X or H Y. 
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IZC. To find any number of points upon tfie contour of 
a hyperbola, whose vertex and foci are giren. — Let HS 
(lig. 106) be the axis, H and S the given foci, A the given 
vertex. Make A X equal to A S, take any point E on 
the axis to the riglit of the vertex A, and from S as a centre,- 
with XE as radius, describe a circle; also from H as a 
centre, with HE as radius, draw an arc cutting the circle 
at the point P, which will then be a point upon the requireil 
curve. In the same manner we can find any number of 
points on the curve, by taking different points along tlie 
axis from A, and Fig. lor. 

proceeding as be- 
fore. Having found 
a sufficient number 
of points on the 
curve, we can draw 
the curve itself by 
hand, or by bend- 
■ ing a ruler through 
those points. 

1Z7. To draw 
the asymptotes of 
a hyperbola, whom 
vertex and foci are 
given. — Let H C S 
be the given axis 
(fig. 107), H and S 
the foci, C the cen- 
tre, A the given 
vertex. Draw i A B 
at right angles to 
A C, and from C as a centre, with C S as radius, descritxs 
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a circle cutting J A B in the points B, b. Draw the right- 
lines C B, Cb, which will be the asymptotes of Uie hyper- 
bola / A L. 

Id the rectangular-hyperbola, A B is equal to A C, and 
the asymptotes make a right angle with each other at the 
centre C. 

128. To find points on a hyperbola by means of the 
asymptotes. — Let C A (fig. 108) be the axis, CR, Cr the 

Tig. 108. 




asymptotes found as described above (1*7). Draw any 
line q A.Q making an aaite angle with the axis, and cutting 
the asymptotes in Q and g. Take Q P, equal to A y, then 
P is a point on the hyperbola. So also by drawing any 
other lines through the vertex and intersecting the asymp- 
totes, we can find as many points as we please upon the re- 
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quired curve, which oiui then be drawn in by hand, or by 
bending a ruler through those points. 

Having determined one point P on the part of the curve 
above the axis, we can find points on the part below by 
drawing any line, E P r, cutting the asymptotes in K and r. 
Take, r j9, equal to E P, then /? is a point on the lower 
curve; and in the same way, by drawing other lines 
through P or A intersecting the asymptotes, any number of 
points on the lower curve can be found. 

The two portions of the hyperbola, above and below the 
axis, are exactly equal and similar, so that when one is 
drawn the other can be drawn from it. 

129. To draw any hyperbola by means of the rect- 
angular hyperbola. — Let C A (fig. 109) be the axis, C the 
centre, and A the vertex of the required curve. Draw A B 
at right angles to A C, and equal thereto, then the line C B 
is an asymptote of the rectangular hyperbola, and taking 
C S equal to C B, S will be one of its foci. Let C B' be a 
given asymptote of the required hyperbola, draw A B' at 
right angles to A C, and make C S' equal to C B', then S' is 
the focus of the required curve. Find points on the rect- 
angular hyperbola, as /, /, Q, by any of the previous 
methods, and draw the ordinates, M/A, S/P, S'QL. 
Then, by taking M A : M/, S / : S P, S' Q : S' L in the ratio 
of A B' : A B, we find correspondiiig points A, P, L, on the 
required curve. This can be done geometrically (16), or 
by using proportional compasses or a scale of parts. 

Suppose it be required to find points on the hyperbola 
from A to P, draw the ordinate S / P, which will be equal 
to A B' ; divide S / into any number of equal parts at 1, 2, 
3, &c., and also divide S P or A B' into the same number of 
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equal parts at 1, 2, 3, &c. Draw horizontal lines through 
the dividing points on S /, as f'l, meeting the rectangular 




hyperbola at tliu point/; then an ordinate M/will, if pro- 
duced, meet the hoiizoiital h 2 in the point A, which will be 
a point on tlie required hjqierbola. 

130. To draw any hyperbola by means of a scale of 
parts. — Let AX (fig. 110) be the axis, A the vertex of the 
hyperbola. Measure tlie absclssai by any scale from the 
vertex A, according to the numbers marked along the axis 
A X, or shown in tlic following table. Tlien by ineasuriug 
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the ordiiiates on the same scale, we obtain points upon tlie 
rectangular hyperbola. If we use a different scale for the 




ordinates to that usud for the abscissfc, we obtain points 
upon any other hyperbola we may require. 
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Table of Ordinalei of a Rectangular Hyperbola to the Corresponding 
Valtus of Abscissa!. 



Abscune 


OrdinateB 


Ab«i«» 


Ordiiutw 


AbsouK 


OidinMM 


10 


142 


600 


12S0 


aooo 


2839 


20 


201 


800 


1487 


3163 


3000 


m 


320 


1000 


1736 


2400 


82M 


100 


458 


1330 




3600 


8480 


200 


663 


1400 




2800 


8068 


300 


831 


1600 


3400 


3000 


8873 


414 


1000 


1800 


3616 


8133 


4000 



I 



131. To find points on the contour of a rectangubir .;'^ 
hyperbola. — Let CA (fig. Ill) be the axis, C the ceDtre, •■ ■ 
Fig. 111. and A the vert^ of the 

curve. Draw C B at right 
angles to C A ; take any 
point B thereon, and join 
BA. Draw BP paraUel 
to C A, and from B as a 
centre, with B A as radius, 
describe a circle cutting 
B P in P ; then P is a 
point on the rectangular- 
hyperbola. 

By taking any number of points on the vertical C B, we 
can in the same manner find as many points as we please 
upon the required curve. 

13Z. To find points on the contour of any hyperbola by 
the ruler only. — ^Let C A (fig. 112) be the axis, C the centre, 
and A the vertex of the required curve. Take C B equal 
to CA. Suppose the curve is required to pass through a 
given point D ; draw D M at right angles to the a xis , and 
draw A E parallel to M D, ED parallel to A M. Divide 
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E D and M D into the same number of equal parts by the 

points 1, 2, &c. Draw the lines B 1, B 2, &c., intersecting 

Vift. 112. 






the lines A 1, A 2, tfec., in the points a, b, &c., which will 
be upon the contour of the required curve. 

133. To draw the tangent at any given point of a hyper- 
bola.— iM H C S (fig. 106) be the axis, H and S the foci, P 
the given point on the curve. Draw S P, H P, and produce 
HP to K, making PK equal to PS. Join SK, then PT 
drawn parallel to S K is the tangent at the point P. 

The tangent can also be drawn by bisecting the angle 
HPSbythelinePT. 

Another way is to find CT a third proportional (15) to 
C M and C A, P M being the ordinate at P perpendicular to 
the axis. Then T P will be the tangent at P. 

134. To draw a tangent to a hyperbola from any point 
upon the axis outside the curve. — Let T (fig. 106) be the 
given point on the axis, C the centre, A the vertex. Find 
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CM a third proportional (15) to CT and CA ; draw the 
ordinate M P at right angles to the axis, and meeting the 
curve at P. Then the line T P will be a tangent to the 
curve at the point P. 

135. To draw a normal at any given point on a hyper- 
bola. — Let P (fig. 106) be the given point on the hyperbola 
whose foci are H and S. Draw HP, SP, and take PZ 
equal to P S ; join Z S, and draw P n parallel to Z S ; then 
P n is the normal at P, and is perpendicular to the tangent 
PT. 

Another way is to produce H P to K, making P K equal 
PS, joining KS, and bisecting KS at n, then Pn is the 
normal at P. 

It can also be drawn by bisecting the angle S P K. by the 
line P n. 

Whenever a hyperbola is used as the outline of an arch, the 
joints of the voussoirs must be in the normals to the curve. 

136. To find the foci of a given hyperbola. — Let H A 
(fig. 112) be the axis of the hyperbola, C the centre, A the 
vertex, D a given point on the curve, M D an ordinate per- 
pendicular to A M. From C as a centre, with C A as radius, 
describe a circle. Find C T, a third proportional (15) to 
C M and C A, and draw the tangent T D, cutting the circle 
at the point I. Draw I S at right angles to T D, and cut- 
ting the axis at S ; then S is a focus of the hyperbola. To 
find the other focus, take C H equal C S, and H is the 
further focus of the curve. 

137. To approximate to the contour of a hyperbola by 
means of arcs of circles. — Let AC (fig. 112) be the axis of 
the hyperbola, A the vertex, S the focus, a, 6, c, &c., points 
found upon the curve by the previous method (132). 

Find the normals (135) at a, 6, &c., by taking a d equal 
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to a S^ be equal to t S, and drawing a K parallel to S rf, 6 L 
parallel to e S, and so on. Let the normal at a cut the axis 
at K, and from K as a centre, with K A or K a as radius, 
describe the arc A a. Let the normal at b cut the normal 
at a in the point L, and from L as a centre, with L a or 
L t as radius, draw the arc a b. Proceeding in this way 
we can obtain a series of small arcs of circles which will 
form a tolerably near approach to an arc of a hyperbola ; 
and the closer the points, a, 6, &c., are taken to each other, 
the nearer will the resulting curve be to a hyperbola. 

138. To apply the hyperbola to form the entasis of a 
column. — ^Let AQ (fig. 109) be a rectangular hyperbola 
(l3l), having C S for its axis, A for its vertex, and S its 
focus. Let A S be the difference between the radii at the 
top and bottom of the shaft of the column, S P the vertical 
height of the shaft. Draw the vertical ABB', and the 
horizontal PB^ Let SP cut the rectangular hyperbola at 
the point /, and divide S / into any number of equal parts, 
and also AB' into the same number of equal parts at 
the points, 1, 2, &c. Draw the horizontals 1^, 2/, &c., 
cutting the rectangular hyperbola at e, /, &c., and draw the 
ordinates through those points, producing them to meet 
horizontals through the divisions on A B' in the points i, A, 
&c. ; then these will be points on the required curve 
through which it can be drawn by bending a straight-edge. 
It is not necessary to draw the contour of the rectangular 
hyperbola, but only to find as many points upon it as we 
require to find on the entasis hyperbola. 

139. Application of the hyperbola to form the outline of 
mouldings and other architectural forms. — ^The hyperbola 
may be used to form an ovolo in classic architecture (fig. 
113) ; taking C A X as the axis, C E and C T as the asymp- 
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totes, S the foow ; then the curve P A Q can be drawn by 
any of the previous methods. 

li^ir. 113. 




A pointed arch (fig. 114) can be formed by two equal 
area of a hyperbola meeting at the vertex B or J, A D being 

Fipr. 114. 




the axis, and A or a the vertex of the curve ; when used as 
a stone arch, the voussoirs must have their joints in the 
directions of the normals to the curve (135). 

Leaf ornaments (figs. 115, 116) can be formed by arcs 
of hyperbolas. Let C D be the axis of the leaf, dividing it 
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into two equal parts, A X the axis of a hyperbola, D A C 
(fig. 115) having its tangent D T at D perpendicular to 
C D ; this will form one side of the leaf, and by reversing 
the outline we get the other side, D A' C having A' X' for 

FV- 116. 
Fig. 116. ""^ 





ita axis, A X and A' X' cutting C D at equal angles. Any 
variety of foiin can be obtained ; thus the curve raay be 
turned in at D (fig. 116), and not have its tangent at that 
point perpendicular to D C. 



The Parabola. 

14*. Dbfinitions. — ^The parabola is a single curve, 
which is unenclosed, and consists of two equal branches, 
A Q, A J (fig. 117), divided by a straight line, B A X, called 
the axis,, which it cuts at right-angles in a point A called 
the vertex. It has only one focus S situate within tlie 
curve, and the double ordinate L S / is called the latus- 
rectam and is equal to four times the length of S A, so 
that S/ or SL equals twice S A. 

If we produce the axis to B outside the curve, and take 
A B equal to A S, then a line B C drawn perpendicular to 
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B A is called the directrix ; and if P is any point ou the 
curve, aod P K is drawn parallel to A B to meet the 
directrix at K, then P K is equal to P S. The line S P ia 
called the radius-vector, A M is the abscissa, M P the ordi- 
nate of the point P on the curve. The parabola differs 
from the ellipse and hyperbola in having no centre ; it may, 
in fact, be considered as an ellipse whose axis is of an infini- 
nite length. The curvature of the parabola is greatest at 
the vertex, and decreases as it recedes therefrom. 

141. To draw the parabola by continuous motion. — Let 
B A X be the axis, A the vertex, B C the directrix, S the 







i^l 




^^^1 




H 



focus ; A S being equal to A B. Fix a straight-edge against 
B C, or let B C be the edge of a drawing-board, at right 
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angles to B X. Let a T-square C R move from the axis 
along B C, having a thread of length equal to E C attached 
at one end to R, the other end being fixed to a pin at S. 
If the string is kept tight by the point of a pencil pressed 
against the T-square as it moves upwards or downwards 
from the axis, the pencil will mark out the parabola. 

142. To find points on the contour of the parabola. — 
Suppose the axis AM (fig. 118) and the vertex A to be 
given, and also a point P Fig. lis. 

through which the curve ia 
to pass. Draw AB perpen- 
dicular to AM, P B parallel 
to A M. Divide A B into any 
number of equal parts by the 
points a, h, &c ; and also 
divide B P into the same num- 
ber of equal parts at/, g, &c. 
Draw the lines A/, A g, &c., 
cutting horizontals through 
a, b, &c., in the points i, m, &c. ; these will be points on 
the required curve. 

143a To find the lengths of ordinates to a parabola by 
means of a scale of parts. — Let A M (fig. 119) be the axis, 
A the vertex, S the focus. If we measure S A on any scale 
as 1000,- then the ordinate S L will be 2000 on the same 
scale. The following table shows the relative proportions 
of the abscissa and their corresponding ordinates : — 
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Table o/Abidna and Ordinattt o/thi Parabola. 



AUattm 


OidiMte. 


Ab«n«. 


Oi^'iisUa 


^u^„ 


OldlDBtM 


10 


200 


600 


1414 , 


GOOD 


4472 


30 


283 


1000 


2000 


eooo 


4e8» 


60 


448 


1600 


2450 


7000 


6292 


100 


632 


2000 


2S28 


8000 


6657 


125 


707 


3000 


3404 1 


9000 


6000 


250 


1000 


4000 


4000 


10000 


6324 
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11 B. 












1 










1 


1 









144. To draw a tangent at any point of tiie parabola. — 
Let P (fig. 117) be the given point, draw the ordinate P M 
perpendicular to the axis AX. Take AT on the axis 
produced outside the curve, equal to A M ; then T P is the 
tangent at the point P. 

Another method. 

Let S be the focus, join S P, and draw P K parallel to 
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A X ; bisect the angle S P K by the line P T, which is the 
tangent rc*quired. P T also bisects the line S K, P K being 
equal to P S. 

14S. From a given point on the axis outside the parabola 
to draw a tangent — ^Let T be the given point (fig. 117) ; 
take A M equal to A T, and draw M P at right angles to 
A M, meeting the curve at P ; then P T is a tangent to the 
curve. 

14C To draw a normal at any given point on the para- 
bola.-^JjetY (fig. 117) be the given point, AX the axis, 
8 the focus. Join S P, and draw S Y parallel to the axis 
A X ; bisect the angle S P Y by the line P N, which is the 
iKmnal to the curve at P, and is at right angles to the 
tangent P T. 

Another method. 
. Let BEC be the directrix, perpendicular to the axis, 
A B being equal to A S. Draw K P parallel to the axis, 
and join S K. Then the normal is found by drawing P N 
parallel to SK, P E being equal to P S. 

The normal can also be drawn without finding the focus, 
by first drawing the tangent at P (144), and then drawing 
P N perpendicular to P T. 

Another method. 

Let M P be the ordinate at P, at right angles to the axis ; 
measure M N, equal to S B, or to twice S A, S being the 
focus ; then N is the point where the normal cuts the axis, 
and N P is the normal required. 

147. To apply the parabola to form the entasis of a 
column. — Let A B (fig. 120) be the given height of the 
column, A C the difference between its radii at top and 
bottom. Draw B P at right angles to A B, and divide A B 
and B P into the same number of equal parts. Draw the 
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Fig. 120. 



lines Ay, A g, &c, cutting the lines al, b m, &c., perpen- 
dicular to A B, in the points I, m, &c. These will be 
points on the required curve, through 
which it can be drawn by bending a 
ruler or lath. The curve thus drawn 
is part of a parabola (14Z), having A 
for its vertex. 

148. To find the focus of a given 
parabola. — Let A X (fig. 117) be the 
axis, A the vertex, P a given point on 
tliG parabola. Draw P M perpendicular 
to the axis, and take A T, equal to 
A M. Draw the tangent T P, and also 
the line P Y paraUel to A X. 

Draw the normal P N at right angles 
toPT. Draw PS, making with PN 
the angle S F N, equal to the angle 
N P Y ; then if P S cuts the axis at S 
that point is tlie required focus. 
Another method. 

Let Q be a point (fig. -117) upon 
the curve, draw X Q perpendicular to 
A X, and produce it to V, making X V 
equal to twice X A. Join A V, and 
let the line A V cut the curve at the 
point L. Drop the perpendicular L 8 
upon A S, and S will be the focus of 
the parabola. 

149, To apply the parabola to form the outline of a 
Tudor arch.— Let ABC (fig. 121) be the springing line of 
the arch, A M or A N the half span, M P or N Q its height 
at the vertex. Through P or Q draw the parabola A P Q, 
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having A for its vertex (142) ; then A P or A Q will form 
one-half of a fiat-pointed or Tudor arch ; and by repeating 
the curve on the opposite side of the centre line M P or 
N Q we obtain the other half P B or Q C of the arch. 
The joints of the voussoirs must all be in the directions of 
the normals (146) to the curve. Take MV, equal to twice 

Fig. 121. 




M A, joiu A V, cutting the curve at 6, draw b S perpen- 
dicular to A M, then S is the focus of the parabola (148). 

150. To approximate to the contour of the parabola by 
arcs of circles.— Yind any number of points, a, b, &c. 
(fig. 121) on the curve by one of the methods described 
above (14Z). Draw the normal at a (146), cutting the 
axis at the poiut p, and from p as a centre, with p A or pa 
as radius, describe the arc A a. 

Draw the normal at b, meeting the normal ap in the 
point g, and from 5 as a centre, with qa or qb as radius, 
describe the arc a b. Proceeding in this way, we can draw 
a number of arcs of circles gradually increasing in radius. 
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which will approximate to the fonu of a parabola ; and the 
larger the number of points taken, the nearer will &e re- 
sulting curve approach to the contour of a parabola. 

151. Application of the parabola to motddir^s, archi- 
tectural omamenta, and other purposes. — The parabola can 
be made available to form the outline of a classica] ovolo, 
as Q A P (fig. 122), A S being the axis. Drawing A B at 
Fig. 122. 




right angles . to the axis, and B P parallel thereto, we can 
find any number of points on the curve by the previous 
method (142). 

The parabola can also be used for a variety of orna- 
mental purposes where curved lines are required, as in a 
leaf (fig, 123), of which C D is the axis, D T the tangent at 
D perpendicular to CD. Then DAC, DA'C are two 
similar arcs of the parabola, having A X, A' X' for the axes 
making equal angles with C D, and D T for their common 



OOKIC SECTIONS. 



105 



tangent. Other forms of leaf can be obtained in the same 
way, as shown in figs. 124, 125. 

Tig. 124. 

Kg. 133. 




If the axis of a parabola is placed vertical bo as to have 
the vertex A (fig. 117) for its highest rig. 125 

point, this curve will represent the 
path which a projectile would take 
when dischai^ed at any angle to the 
horizon less than a right-angle, the 
resistance of the air being entirely 
ignored. The line of discharge is a 
tangent to the parabola, and the 
greatest range is obtained on a 
horizontal plane when that hne 
makes half a right-angle with the 
horizon. 

If the axis of the parabola is 
placed vertical, with the vertex A 
(fig. 117) for its lowest point, the 
curve will be that of the chain of a suspension bridge in 
which the vertical load is uniformly distributed along h 
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horizontal roadway, forming a tangent to the curve at its 
vertex. 

The Catenary. 

15£. Definition. — When a chain or flexible cord is sus- 
Fig'. 126. pended from two points, A and B 

(fig. 126), in the same horizontal 
line, the curve which it takes is called 
a catenary. This curve has its greatest 
curvature at the lowest or middle 
point C, and the tangent C T is parallel 
to AB. 

153. To apply t/ie catenary to 
form the entasis of a column. — Bisect 
AB (fig. 126) in D, and draw DC 
at right-angles to A B. I^et D C 
represent the difference between the 
top and bottom radii of the column, 
B D its vertical height. Take A D B, 
equal to twice B D, in a horizontal 
position on a vertical board ; and let 
a chain be suspended from the points 
A and B so as to bang down a 
distance equal to D C from A D B. 
Then by marking the outline of the 
chain C F D on the board, the entasis 
or curvature of the column is ob- 
tained. 

154. To apply the catenary to 
form the entasis of a spire. — Let 
AB (fig. 126) represent the slant 
side of the spire if straight, or the 
chord of the proposed curve ; D C 

the amount of deviation from the straight line which is re- 
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quired, and which is always very small in comparison with 
the length of A B. Place A B horizontal upon a vertical 
board, and allow a chain to hang vertically from A and B 
to the distance D C, and the outline of the curvature re- 
quired can be obtained as before. 



108 PRACTICAL GEOMBTBY. 



CHAPTER IV. 

CURVES OF FLEXURE. 

ISS. Definitions When a curve, after bending in one 

direction, makes a bend in an opposite direction, like the 
letter S, it is called a curve of Jlexure ; and the point at 
which the change of direction takes place is called ihe point 
of contrary-flexure. In all true curves of flexure the curva- 
ture decreases as we approach the point of flexure, or the 
length of the radius of curvature (lOl) increases and be- 
comes infinite at that point, the centre of curvature passing 
over to the opposite side and its distance gradually de- 
creasing as we recede from the point of flexure. The Uar- 
monic-curve^ or curve of sines, consists of. a series of equal 
undulations or waves, and is the curve in which a musical 
string vibrates when sounded. It is called the curve of 
sines from the fact of its ordinates being proportional to 
the trigonometrical sines of the abscissae. 

The Lemnvicate is a curve having the form of a figure oo, 
the point of contrary-flexure being where the curve crosses 
itself. 

The Harmonic-Curve. 

196. To find points on the contour of the harmonic-curve. 
— ^Draw a horizontal line or axis O AB (fig. 127), and draw 
O D at right angles to A. Take D equal to the given 
height B C, to which the curve is to rise above the axis, and 
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from as a centre, with O D as radius, describe a circle 
cutting the axis at A. Take A B equal to the development 
into a straight line of the quadrant A D ; make BE, E F, 
F G, each equal to A B. Then A G represents the develop- 
ment of the whole circle. Divide the quadrant A D into 
any number of equal parts at K, L, &c. ; and also A B into 
the same number of equal parts at H, I, &c. Draw ver- 
ticals at H, I, &c., cutting horizontals at K, L, &c., in the 
points P, Q, &c., then these will be upon the required 
curve ; and for every point on the quadrant of the circle 
we can find a corresponding point on the curve. The hori- 
zontal D C will be a tangent to the curve at C, and the 
part of the curve C E is an exact repetition of C A, so also 
is E V and V G ; so that, having drawn the part A C, we can 
obtain any number of undulations. 

The curvature is greatest at the vertex C, and decreases 
towards A, at which point the radius of curvature becomes 
of infinite length, A being a point of contrary-flexure ; so 
also are the points E, G, and any other point where the 
curve cuts the axis. 

157. To find points on the harmonic-curve by a scale of 

parts ^Take FG (fig. 127) as an axis, and draw FV at 

right angles thereto. Measure FV equal to 1000 on any 
scale, and FG equal to 1571 on the same scale. Divide 
F G into twelve equal parts, and draw the ordinates ; mea- 
suring their lengths by the same scale, according to the 
numbers marked on the figure ; then eleven points will be 
found upon the curve between the axis and the vertex. 

Any variety of the harmonic-curve can be produced by 
measuring the abscissae on one scale, and the ordinates on 
some other scale. Let AB (fig. 128) represent th^ length 
of a quadrant of the generating circle, draw B C at right- 
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angles to A B, and eqiial to its radius. Then A C is the 
curve, having its abscissffi and ordiaates measured on the 
same scale as in fig. 127 ; the curve AC has the scale of the 
ordinates half that of the abscissie ; the curve A Cj has the 




scales in the ratio of 3 to 2 ; the curve A Cj has the scale 
of the ordinatea double that of the abscissEe. 

158. To draw the tangent at any point of the harmonic- 
curve. — The tangent at A (fig. 127), the point of contrary- 
flexure, is drawn by taking A N equal to B C, drawing N T 
vertical cutting the horizontal through C in the point T ; 
then T A is the tangent at A. 

If we draw the horizontals through Cj, Cj, Cg (fig. 128), 
meeting N T produced in %, T„ T,, ; then T, A, T^ A, Tj A, 
are the tangents to the curves A Ci, A Cj, A Cj, at the point A. 

The tangent at the vertex C is always parallel to the 
axis A B. 

The tangent at any other point of the curve can be drawn 
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by first drawing the normal (1S9) at that point, and then 
drawing a perpendicular to the normal at the given point. 

159. To draw the normal at any given point of the har- 
monic-curve. — ^Let P (fig. 127) be the given point on the 
curve, HP the ordinate perpendicular to AB. On BA 
take B J equal to A H, and draw the ordinate J E, meeting 
the curve at E. Produce B C to U, making C U equal to 
J E ; draw C P W cutting the axis in the point W, and join 
W U. Produce H P to meet W U at S, and take H n on 
the axis equal to P S ; then P n is the normal at the point 
P ; H n, called the subnormal, being a fourth proportional 
(16) to BC, J E, and HP. 

The normal can be drawn in the same way in any variety 
of the curve (fig. 128), the subnormal being the fourth 
proportional in every case to B C, J E, and H P ; B C being 
taken the same length in all varieties of the curve. 

160. To set out the harmonic-curve as a railway curve. 
— Let it be required to join the points E and G (fig. 127) 
by a curve, the tangents at those points meeting at e. Join 
EG, and bisect EG in F, draw the perpendicular ¥e. Let 
FG represent 1571 on any scale, and take Ga, represent- 
ing 1000, on the same scale. Draw a b perpendicular to 
Fa, meeting the tangent G^ in 6. Draw bY parallel to 
FG. Divide FV into 1000 equal parts, and set up the 
twelve equidistant ordi nates, as figured along F G, to the 
same scale as that on which FV represents 1000; then 
twelve points will be determined on the harmonic curve. 
By repeating the process, the curve from V to E can be set 
out in like manner. 

Where an S curve is required from A to G, the tangents 
at those points being parallel ; divide A G into four equal 
parts, A B, B E, E F, F G. Draw F ^ at right-angles to F G, 
and meeting the tangent at G in the point e; eE will be 
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the tangent at E. Then proceed to set out the curve G V, 
as above described, and the remain- p- j.^ 

ing parts, VE, EC, CA, will be 
similar to V G, and can be set out 
in the same manner. 

By using this curve for railways 
instead of circular arcs, the sudden 
change in the direction of the train, 
which occurs in passing from a 
straight line to a circle, is avoided, 
and greater safety insured. 

161> To apply the harmonic-curve 
to form the entasis of a column. — Let 
CB, AE (fig. 129), be the radii at 
bottom and top of the shaft, B A 
the axis of the column, BC and 
A E at right-angles to A B. Take 
BD equal to AE, then CD is the 
difference between the radii at 
bottom and top. Draw D E parallel 
to B A, and divide it into any num- 
ber of equal parts at G, H, &c. 
From B as a centre, with BC as 
radius, describe a circle cutting DE 
in the point F. Divide the arc F 
into as many equal parts as D E is 
divided into, by the points a, 6, &c. 
Through a, b, &c., draw lines parallel 
to DE, intersecting hnes parallel to 
B C through G, H, &c., in the points P, Q, &c. ; these will 
be points upon the required curve, through which it can 
be drawn by bending a lath. 
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ICX. To apply the harmonic-curve to form tite contour of 

an ogivat arch or pinnacle. — ^Let CF (fig. 130) be the given 

F5g. 130. 




span of the arch. Bisect CP in E, and draw ED at right- 
angles to C F. Let E I) be the given height of the arch 
at the centre. Bisect CE in B and draw BA at right- 
angles to CE, and equal to half ED. Draw CK parallel to 
AB, and take AH to AB in the ratio of 1000 to 1571. 
Draw H K parallel to C E and cutting C K in K ; then K A 
is the tangent at the point of contrary-flexure A. Taking 
Fi(f. 131. CB to represent 1000 on any scale, 

■I we can find twelve points on C A, 
as ill VG (fig. 127), by measuring 
ordinates to the same scale. The 
curve from A to D is similar to 
A C, and the curve D F is a repeti- 
i tion of DAC. The joints of the 
voussoirs of the arch must be in 
the direction of the normals to the 
curve (158). 

The outline of an ogival pin- 
nacle (fig. 131) can be formed in the same way. 
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ltf3. To apply the harmonic-curve to mouldings and 
other architectural ornaments. — The use of continuous 



■mathematical curves for the contour of mouldings, as the 
ogee and cima, would produce a Fig. 133. 

more pleasing effect than the 
common practice of drawing 
them by arcs of circles. 

Let the points C and D be 
given (figs. 132, 133); drawCF, 
I)F, at right-angles to each 
other, and bisect D Fin E. Draw 
E B parallel to C F, B C parallel 
to DF, and bisect BE in A; 
then A is the point of contrary- 
flexure, E A B the axis, D and 
C the vertices of the curve, 
which can be drawn in the man- 
ner above described (156). 

The harmonic-curve can also be employed to form an 
interlacing ornament (fig. 134), AG being the axis, C 
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^and V the vertices. A, B, E, F, G, the points of cootrary- 
flexuro. 




The Lemxiscate. 

164. To draw a lemniscate by continuovs motion. — ^Lct 
A C and O B (fig. 135) be two rods or slips of card revolv-' 
ing about the fixed points A and O, the length A C being 
capable of alteration. Let anotlier rod or slip, PBC, of 
length equal to twice OB, be attached by one end to a 
pivot C at the end of the rod A C, and also at its middle 
point to a pivot B at the end of the rod O B, so as to move 
freely about those points, as the rods OB, AC, revolve 
about and A. When B and A C coincide with the axis 
A, the point B will be at D, D being equal to twice 
B, Now let the rods revolve about and A, and a 
pencil at P will trace out the curve D Y 0. When P 
reaches the axis ^ain at 0, the points B and C will be at E 
and F, in one straight fine with O. 

The curve from D to is one-fourth of the whole lemnis- 
cate, the other three parts of which are exactly equal and 
similar to D Y 0. Alio the point O is a point of contrary- 
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flexure, and tlie curvature mcr«ases from O towards 1), 
where it is greatest. 

16S< To find poinUs on the contour of a lemniscate. — Draw 
an axis DO A (fig. 135), and from, any point O therein as 
a centre, and any railing OB, describe a circle HBK. 
I'ake A on the axis gieater than O K, and from A as a 
.centre, with A as radius, descrilje the circle C F. From 



Fi(f. 186. 




as a centre, with D equal to twice H as radius, de- 
scribe an arc cutting the last circle in F ; draw O F cutting 
the first circle in E. 

Take any point B on the first circle, between E and H, 
and from B as a centre, with B as radius, draw an arc 
cutting the second circle at C ; draw C B P, and make B P 
equal to B C or BO; then P is a point on the required 
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lemniscate. Proceeding in this way, and taking other points 
on the first circle, we can find any number of points upon 
the curve between O and D, through which the lemnigcate 
can be drawn by hand. The other portions of the curve, 
being only a repetition of the part DYO, can be drawn 
from it. 

166* To find the algebraical equation to the lemniscate. — 
Since B P (fig. 1 35) is always equal to B C and B O, the 
angle P C is always a right angle (55). 

Let A=a, A=6, OP=r, the radius-vector, and the 
angle P O D=S. Then C=2 b . sin fl, O P2=P C ^-O C \ 
or r^=4a^— 4^^. sin^fl. If we call a=l, then we have 
for the equation to the curve, 

r= 2 v^l~6^sin»6. 

Any varieties of the curve can be obtained by changing 
the length of 6, or O A, as compared with that of a, or O B. 

167. To draw a lemniscate of given dimensions. — Let 
the length O D, and the height X Y, be given, Y being the 
point at which the curve is at its greatest distance from the 
axis OD. Bisect OD in H, and draw HZ at right-angles 
to O H, and equal thereto. Draw O Z, and from O as a 
centre, with Z as radius, describe the arc Z Y Q, cutting 
the axis at Q. Then this arc passes through the point of 
greatest distance, Y, from the axis in every variety of the 
curve, so that by taking H T equal to the given width or 
height of the curve, and drawing T Y parallel to the axis, 
and cutting the arc at Y, we find Y the required point at 
which the curve has the greatest distance from the axis. 
The hne T Y is also the tangent to the curve at Y. OH is 
the radius of the smaller circle, and the radius A of the 
larger circle is found by taking H to represent 1000 on any 



CURVES OP FLEXURE. 119 

scale, and O A will be the quotient of 1,000,000 divided by 
the given height XY, measured to the same scale. For 
example, let X Y be given equal to one-third of O D, or 
two-thirds of O H, then by the above rule we find that O A 
is one and a half times the length of H. 

The length of A O for any given values of X Y and O H 
can also be found geometrically, since O A is a third pro- 
portional (15) to XY and OH. Take HI on the axis 
equal to X Y, and draw I M making an acute angle with 
I O ; make I J equal to O H ; join H J, and draw O M parallel 
thereto ; then J M is the length of A required. 

Having determined the radii of the two generating circles, 
the curve can be drawn as before described (164, 16S). 

If O X and X Y only are given, we can find the radius of 
the smaller generating circle in the following manner. Draw 
OG at right-angles to OX, and bisect the right-angle 
GOX by the line OZ. From O as a centre, with OY as 
radius, describe a circle cutting O Z in the point Z. Drop 
the perpendicular ZH upon the axis OH, and OH will be 
the required radius of the smaller circle ; from which D is 
found by taking H D equal to H O. 

When both the radii, OH and OA, of the generating 
ch-cles are given, the length of X Y can be obtained by find- 
ing a third proportional to O A and O H. Or, take O H 
as 1000 on any scale, and from O as a centre with a radius 
1414 on the same scale, draw a circle ; divide 1,000,000 by 
the length O A (on the same scale), and take H T equal to 
the quotient ; draw T Y cutting the last drawn circle at Y, 
then YX is the greatest distance of the curve from the 
axis. 

168. To draw a tangent to the lemniscate. — ^The tangent 
at O (fig. 135) where the curve cuts the axis, and has a 
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point of cotitrary-flezure, U found us follows. Draw H Z at 
right angles to H and equal thereto. Draw Z L parallel 
to O H, and from O as a centre, with A as radius, draw 
an arc cutting Z L in the point L ; then L is the tangent 
atO. 

The tangent at Y, where the curve is at its greatest dis- 
tance from the axis, is parallel to O D ; and the tangent at 
D is perpendicular to O D. 

1C9. To apply the leinniscate to form an ogival arch. — 
Let A B (fig. 1 36) be the given span, C Y the height of the • 
Fig. i.se. 




arch, the point C bisecting AB. Bisect AC, BC, in tlie 
points X, and draw X D parallel to C Y, and D Y parallel 
to A B. Bisect X D in O, and draw the lemniscate Y 
(1*7) having D for its axis, D Y for its greatest distance 
from the axis, and for its point of contrary-flexure. 
Repeat the curve Y in A O, and Y A will form one side 
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of the required arch, haviag its tangent at A perpendicular 
to A B. The tangent at O should be found (168) before 
drawing the curve. 

The curve in the figure lias the radii of the generating 
circles in the ratio of 4 to 5. 

170, To apply the. tenmiscate to mouldings and other 
architectural ornament. — Mouldings of, contrary-flexure, aa 
tihown on figs. 137, 138, 139, rjin be drawn when the 
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points Y, Y' are ^ven, and the veitioal or horizontal axii 
OD. 

Draw Y' A parallel to OD, aud YXA, Y'X', perpeu- 
dicular thereto. Bisect XX' in 0, which will be the point 
of contrary-flexure of the cur\-e. Draw E perpendicular 
to X, and bisect the right-angle E O X by the line Z. 
From as a centre, with O Y as radius, describe a circle 
cutting Z in Z. Drop the iiei-pendicular Z H upon X, 
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and H will be the radius of the smaller generating circle. 
Make H D equal to H, and D is the point where the 
curve cuts the axis. We can now find the length of the 
other radius in the method described above (167), and 



Fig. 
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1 



draw the curve D Y 0. The other portion, Y' B' is a 
repetition of the portion OYD. In fig. 137 the radii- of 
the generating circles are in the ratio of 4 to 5, X Y being 
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two-fifths of D ; in fig. 138 they are in the ratio of 8 to 9, 
XT being four-ninths of OD; and in figs. 139 and 135 
the radii are as 2 to 3, the height XY being one-third 
ofOD. 

This curve may be also made to form the contour of a 

Fig. 138. 




leaf (fig. 140), in which is the point of contrary-flexure, 
D the axis, X Y the greatest distance from the axia. lu 
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the example liere given, the same curve as in fig. 135 ia 
used. 

Fie-. 140. 




There are many other curves having points of contrary- 
flexure, such as the Trochoid and Companion to the Cycloid^ 
which are treated upon in Chapter VI. 
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CHAPTEE V. 

SPIRALS. 

171. Definitions. — When a point is made to describe a 
series of convolutions about a fixed point called the pole, 
so that its distance therefrom is continually varying, the 
curve which it marks out is called a spiral. Any line 
drawn from the pole to the revolving point is called a 
radius-vector to the curve or the radius which the moving 
point carries round with it. It is usual to consider the 
radius-vector as starting from some straight line or axis^ 
which passes through the pole, and to which it returns after 
every successive convolution. 

The simplest form of spiral is that which is obtained 
when a thread is unwound from a circular cylinder, the 
spiral marked out by the end of the thread being called the 
Involute of the circle (fig. 141), in which the tangents of the 
circle are normals to the spiral. 

If a rod is made to revolve round a pole from a fixed 
axis, and a point starting from the pole moves along the 
rod so that its distance from the pole is always proportional 
to the angle which the rod has revolved over from the 
axis, the curve which the point will mark out is called the 
spiral of Archimedes (fig. 142). This spiral is one of a 
large family of spirals in which the length of the radius- 
vector varies according to some power of the angle it has 
revolved over from the fixed axis. Thus we can have a 



126 PRACTICAL GEOMETRY. 

spiral in which the length of the radius-vector is pro- 
portional to the square or second-power of the angle of 
revolution (figs. 143, 144); or one in which it is pro- 
portional to the cube or third-power of that angle (figs. 145, 
146, 147, 148). 

When the length of the radius-vector, starting from a 
fixed axis, diminishes in proportion as its angular distance 
from that axis increases^ the curve marked out by the 
moving-point is called the reciprocal-spiral (figs. 149, 150), 
the radius-vector in this case being said to vary inversely as 
the angle of revolution. 

If the length of the radius-vector varies inversely as 
the square-root of its angular distance from the axis, the 
curve marked out is called the lituus (fig. 151); and a 
variety of this spiral can be obtained by making the radius- 
vector vary inversely as the cube-root of the angle revolved 
through (fig. 153). 

If the length of the radius-vector is increased in geo- 
metrical ratio^ while the angle of revolution increases in 
arithmetical ratio, the spiral obtained is called the equi- 
angular or logarithmic spiral (figs. 154, 156, 158). It is 
called equiangular because the tangent at every point in 
the same spiral makes everywhere the same angle with the 
radius- vector ; and it is termed logarithmic because the 
angle of revolution is proportional to the logaritlim of the 
length of the radius-vector. This spiral can be drawn in 
infinite variety, and has geometrically neither beginning nor 
ending, as it consists of an endless series of convolutions, all 
of which are exactly similar in the same curve, and only 
differing in actual size or scale. 



The Involute op the Circle. 

174. To draw the involute by continuous motion. — Let S 
be the pole, S A the axis (fig. 141) of the proposed spiral. 




Take a circular cylinder of radius S A, S being its centre, 
and wrap a thread round it. Attach a pencil to the outer 
end, A, of the thread, and unwind the thread from the 
cylindtr, keeping it tight by the pencil ; then the spiral 
A E C D will be marked out. If we take A C perpendicular 
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to A S, when the pencil arrives at C the quantity of thread 
unwound will be equal to the circumference of the cylinder ; 
and since A C is the tangent to the circle at A, the tangent 
to the spiral at C is parallel to A S, being always at right- 
angles to the tangent of the circle ; and A C is the normal 
to the spiral at C. 

Let it be required to draw a spiral of a given size and 
given number of convolutions ; if A C is given for the first 
convolution, we must find the diameter A F of the gene- 
rating circle or cylinder by taking A F to A G in the ratio 
of 100 to 314, or of 7 to 22. If A C is given for two con- 
volutions, then we must take A F to A C as 100 to 628, or 
twice 314 ; if A C is given for three convolutions, take A F 
to A C as 100 to three times 314, or 942 ; and so on, ac- 
cording to the number of convolutions required. 

173. To find points upon the involute. — Divide the 
' generating-circle ABF (fig. 141) into four quadrants, and 
each quadrant iiito four equal angles. Draw the tangents 
to the circle (48) at each of the 16 points into which ita 
circumference is divided. Let the diameter of the circle 
AF represent 100 on any scale; then to find the corre- 
sponding points on the spiral, measure along the tangents 
to the circle by the same scale the distances shown by the 
numbers on the figure from the points where the tangents 
touch the circle, beginning from the point A, where the 
spiral first starts fi-om the circle. In this way 16 points 
will be found on the first convolution from A to C. To 
find points on the second convolution, produce the above- 
named tangents indefinitely, and measure a distance of 314 
on the same scale as before, from each point on the first 
convolution; these will give 16 points on the second con- 
volution. To find points on the third convolution, measure 
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314 from each point on the second, and so on for any 
number that may be required. 

A larger number of points can be^ found upon the spiral 
if desired. Suppose it is required to find 32 points on eacli 
convolution; bisect each of the 16 angles into which the 
circle was divided above, and draw the tangents at the 
extremities of the radii. The length of the tangent at the 
end of the first radius after leaving A will be 314 divided 
by 32 ; that of the second, twice that of the first ; of the 
third, three times that of the first, and so on for all the 
thirty-two points round the circle. For the points on the 
second convolution we have only to proceed as before, by 
adding 314 to the length of each normal to the first convo- 
lution, «nd in the same way for the third convolution. 

When a cogged-rack is driven by a pinion-wheel, the 
outline of the cogs is the involute of the circle which forms 
the ' pitch hue ' of the ' driver.' 

The Spiral of Archimedes. 

174!« To draw a spiral whose distance from the pole is 
directly proportional to the angle made by the radius-vector 
with the fixed axis. — Let F S H (fig. 142) be the fixed axis, 
S the fixed point, or pole. The spiral can be drawn by 
continuous motion if a rod is made to revolve about S, and 
at the same time a pencil moves along the rod at a rate 
proportional to the velocity of revolution. 

To describe the spiral by finding points on its contour, 
draw E S G at right-angles to S H, and divide each right- 
angle into four equal angles. Let D be the point where the 
spiral is to cut the axis after one convolution ; on S E take 
S A, equal to one-fourth of S D, on S F take S B, equal to 

K 
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half of S D, and on S G take S C, equal to three-fourths of 
S D, So also for the four angles into which the first 
quadrant is divided, the length of the radius-vector drawn 
from S is one-fourth of S A at the first quarter of the right- 
angle, one-half S A at the second quarter, and three-fourths 
SA for the third quarter. In the other quadrants the 
length of each radius-vector increases in the same way by 
one-fourth of S A for every quarter of a right-angle. 

Fift- 142. 




If we bisect each of the 16 angles, the increase of the 
radius-vector at eacli successive angle will be one-eighth of 
SA. 

The distance apart, D H, of any two convolutions of this 
spiral, as measured along the radius-vector, is everywhere 
the same, being equal to tlie length S D. 
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175. To draw the tangent at varioits points of the fore- 
going spiral, — Let ^ be the angle between the tiingent and 
radius at any point of the curve after the radius- vector has 
passed over an amount of revolution from the axis which is 
represented in magnitude by 6 (taken in circular measure) ; 
then it is found by the differential calculus that 

tan 4>=d. 

From this formula it appears that the angle which the 
tangent makes with the radius- vector is very acute for any 
point near the pole S, and increases rapidly as its distance 
therefrom is increased. Thus at A, the Umgent makes an 
angle T A S of 57*52° with the radius-vector ; at B the 
angle T B S is 72-67" ; at C the angle T C S is 78" ; at D 
the angle T D S is 81° ; at E the angle T E S is 8275° ; at 
F the angle T F S is 84° ; at G the angle T G S is 84-8° ; 
and at H the angle is 85*45°. And as the numl)er of con- 
volutions increases, so the curvature of the spiral gets 
nearer and nearer to that of a circle having S for its centre. 

To draw the tangent at A, make A a perpendicular to 
SA, and equal on any scale to 157; dniw aT at right 
angles to A a, and equal to 100 on the same scale, then 
T A is the tangent at A. Proceeding in the same way at 
the other points, at B make B b equal to 314, 6 T to 100 ; 
then T B is the tangent at B. At C, C T the tangent is 
drawn by taking C c to cT as 471 to 100. At D, take D d 
to rfT as 628 to 100. At E, take E^ to ^T as 785 to 
100. At F, take F/ to T/ as 942 to 100. At G, take 
G^rtoT^r, as 11 to 1. 

176. To find points on the spiral whose distance from, the 
pole is proportional to the square of the angle made by the 
radius-vector with the fixed axis, — Let S (figs. 143, 144) be 
the pole, SX the fixed axis. Draw KSM (fig. 143) per- 

K 2 
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pemlicular to S X, and divide each quadrant into four equal 

angles. Measure along these lines from S the squares of 

Fig. 143 




successive integers beginning with unity, as given in the 
Table (181), on any convenient scale ; then sixteen points 
will be obtained on each convolution of the spiral. To 
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save reference to the Tal)le, the numbers sire marked on the 
figures themselves, indicating the distance of the various 

Fi([. 144. 

m 




points from the pole. The spiral can be drawn by hand 
through the points thus found. 

177. To draw the tangent.^ at various points of the fore- 
going spiral. — If we call 4> the angle which the tangent at 
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any point of tlie cun'^e makes with the radius-vector drawn 
to that point, and 6 the amount of revolution described by 
the radius-vector from the axis (taken in circular measure), 
it is found by the .differential calculus that 

tan4>=^fl. 

From this formula it appears that the angle between the 
tangent and radius is very acute for any point near the pole 
S, but increases rapidly as the number of convolutions is 
increased. 

Let S P (fig. 144) make half a right angle with S X, its 
length being 4 ; draw P/? [>erpendicular to P S, and measure 
P^), equal to 39 on any scale, make /> T at right-angles to 
p P and equal to 100 on the same scale, then TP is the 
tjingent at P. Proceed in the same way at the other points, 
taking A a to T a as 78 to 100, and T A is the tangent at 
A. At Q, take Q ^ to T ^ as 118 to 100, and T Q is the 
tangent ; at B, take Bb toTb as 157 to 100, and T B is 
the tangent; at R, take ErtoTrasl96to 100, and 
T E is the tangent. At C (fig. 143), take C c to T c as 236 
to 100, and T C is the tangent ; at D, take D d to T d as 
314 to 100 ; at E, take E ^ to T ^ as 393 to 100 ; at F, take 
F/ to T/ as 471 to 100. At G, take Gff to Tff as 55 to 
10, and T G is the tangent ; at H, take H A to T A as 63 to 
10 ; at I, take I i to T i as 71 to 10 ; at J, take Jj to T^ 
a8.79 to 10 ; at K, take K ^ to T A; as 86 to 10 ; at L, take 
L / to T / as 94 to 10 ; at M, take M m to T w as 102 to 
10, and T M is the tangent. 

Before drawing any spiral by hand, it is essential to draw 
as many tangents as possible, since they give the direction 
in which the curve is moving at the several points. 

178. To find points on the spiral whose distance from 
the pole is proportional to the cube of the angle made by the 
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radius vector with the fixed axis. — Let S (figs 145, 146, 

Fiar. 14o. 
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147, 148) be the pole, 8X the fixed axis. Through S 
draw a line at right-angles to S X, and divide each quadrant 
into four equal angles. Measure firom S along these lines 
the aibes of all successive integers, banning with unity, ; 
given in the Table (181), on any convenient scale; sixteen 
points on each convolution will be thus obtained. The 
numbers marked on the figures theraselves give the dis-fl 

Yig. 146. 




tances of the several points from the pole, and the spiral 
can be drawn by hand through the points thus found. 

Figure 145 shows the spiral for the first half-convolution 
starting from the pole. 

Figure 146 gives the first whole convolution of the 
spiral from the pole on a scale one-twentieth of that used 
in the former figure. 

Figure 147 shows three and a quarter convolutions 
drawn to a scale one-twentieth of that iised in. figure 146. 

Figure 148 gives six and a quarter convolutions from 
the pole, drawn to a scale one-tenth of that used in draw- 
ing figure 147. 
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179. To draw the tangents at various points of the fore- 
Fig. 147. 
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going spiral. — ^Let 4> be the angle which the tangent and 
radius-vector make with each other at any given point on 
the curve, and let 9 be the angle (in circular measure) 
which the radius-vector at that point has revolved over 
from the axis ; then it is found by analysis that 

tan4>= J9. 

The angle ^ is acute and less than half a right-angle in 
the first half-convolution from the pole, and after that 
becomes greater than half a right-angle, increasing as the 
curve proceeds, and getting nearer and nearer to a right- 
angle. 

To draw the tangent at A (fig. 145), take A a perpen- 
dicular to S A, and equal in length to 53 on any convenieat 
scale, erect aT at right angles to a A and equal to 100 on 
the same scale^ then T A is the tangent at A. Proceeding 
in the same manner we find the tangent at B by taking 
Bb to Tb as 79 to 100; at C, take Cc to Tc as 105 to, 
100, and TC is the tangent. 

To draw the tangent at D (fig. 146), take Drf to TdaB 
157 to 100; at E, take Ee to Te as 209 to 100; at P 
(fig. 147), take F/to T/as 262 to 100 ; at G, take Qg to 
Tg as 314 to TOO ; at H, take HA to T A as 373 to 100 ; 
at I, take I ^ to T z as 419 to 100 ; at J, take Jj to T^' as 
471 to 100; at K, take K* to T^as 524 to 100; at L, 
take L ^ to T Z as 587 to 100 ; at M, take Km to T iw as 
628 to 100 ; and at N, take Nn to T/i as 694 to 100 ; then 
T N will be the tangent at N. 

180. To apply the above spiral to form a volute of given 
dimeiisions. — Let YZ (fig. 148) be the given height of the 
volute. Divide YZ at S, so that SZ shall be to S Y in the 
ratio of the cube of 100 to the cube of 92 (see Table of 



SPIRALS. 139 

cubes (lai) ), or nearly as 100 to 78. Then draw W S X at 
right-angles to YZ, and divide each quadrant into four 
equal angles bj- lines drawn through the pole S ; take S X 

Fi(r. 148. 




to 9 W as the cubes of 96 and 98, or nearly as 88^ to 68, 
and measure on the other lines the lengths as given in the 
table of cubes, starting from SZ as the cube of 100, then 
S0 the cube of 99, SV the cube of 98, and so on for as 
many convolutions as may be required. 



140 



PRACTICAL GEOMETRY. 



If it is desired to finish the spiral at the centre by a 
circular eye at any point as N, draw the normal or per- 
pendicular to the tangent at N, and also the normal at M ; 
then describe the eye taking the point of the intersection 
of these two normals for its centre. 

If it is desired to draw an approximation to the spiral 
by means of arcs of circles joining the several points found 
in the foregoing manner, draw the normals at those points 
perpendicular to tlie tangents, and the point where two 
consecutive normals intersect will be the centre from which 
the arc lying between them is to be struck. 

X81a Table of the Sqhares and Cubes of Integers, 





• 








1 


Integers 


Squares 


Cubes 


Inte-gers 


Squares 


Cubes 


I 


1 


1 


31 


961 


29791 


2 


4 


8 


32 


1024 


32768 


3 





27 


33 


1089 


35937 


4 


16 


64 ! 


34 


1156 


39304 


5 


25 


125 


35 


1225 


42875 


6 


m 


216 


36 


1296 


46656 


7 


49 


343 


37 


1369 


50653 


8 


04 


512 


38 


1444 


54«72 





81 


729 


39 


1521 


5^319 


10 


100 


1000 


40 


IGOO 


64000 


li 


121 


1331 


41 


1681 


68921 


12 


144 


1728 


42 


1764 


74088 


13 


169 


2197 


43 


1849 


79507 


14 


196 


2744 


44 


19.16 


85184 


15 


225 


3375 


45 


2025 


91125 


16 


256 


4096 


46 


2116 


97336 


17 


289 


4913 


47 


2209 


ia3823 


18 


324 


5832 


48 


2304 


110592 


19 


361 


6859 


49 


2401 


117649 


20 


400 


8000 


50 


2500 


125000 


21 


441 


9261 


51 


2601 


132651 


22 


484 


10648 


52 


2704 


140608 


23 


529 


12167 


53 


2809 


148877 


24 


576 


13824 


54 


2916 


157464 


25 


625 


15625 


55 


3025 


166375 


26 


676 


\767Q 


56 


3136 


175616 


27 


729 


19683 


57 


3249 


185193 


28 


784 


21952 


58 


3364 


195112 


20 


841 


24389 


59 


;i48l 


205379 


30 


900 


27000 


60 


3600 


21(K)00 
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Table of the Squares and Cubes of Integers (continued). 



Integers 


Squares 


Cubes 


Integers 


Squares 


Cubes 


1 
61 


3721 


226981 


81 


6561 


531441 


($2 


3844 


238:^28 


82 


6724 


551368 , 


63 


3969 


250047 


83 


6889 


571787 


64 


4096 


262144 


84 


7056 


592704 


6o 


4225 


274625 


85 


7->25 


614125 


66 


4356 


2874i)6 


86 


7396 


63605(5 


67 


4489 


300763 


87 


7569 


6585a3 


68 


4624 


314432 


88 


7744 


681472 


69 


4761 


328509 


89 


7921 


7049(» 


70 


4900 


343000 


90 


8100 


729000 


71 


5041 


357911 


91 


8281 


753571 


72 


5184 


373248 


92 


8464 


778688 


78 


5329 


389017 


93 


8649 


804357 


74 


5476 


405224 


94 


8836 


830584 


75 


5625 


421875 


95 


9025 


857375 


76 


5776 


438976 


96 


9204 


884736 


77 


5929 


4565^3 


97 


9409 


912673 


78 


6084 


474552 


98 


9604 


941232 


79 


6241 


493039 


99 


9801 


970299 


80 


6400 


512000 

1 


100 


10000 


1000000 



The Reciprocal Spiral. 

182. To Jind points on the spiral in which the length of 
ifie radius-vector varies inversely as the angle of revolution 
from a fixed axis, — Let S (fig. 149) be the pole, SX the 
fixed axis. Draw C S A at right-angles to S X, and let the 
length SA represent 1000 on any scale. Draw AB 
parallel to S X, then A B will be an asymptote (l£4) to 
the curve. Draw SK, making an angle of 57 -3° with the 
axis, and Irom S as centre, with S A as radius, describe an 
arc cutting SK in K, then K is a point on the curve. 
Bisect the right-angle ASX by the line SI, making SI 
equal to 1273 on the above scale ; then I is a point on the 
curve. 

Draw S Q, bisecting the angle K S X, and equal in length 
to twice S K, or 2000 on the scale, then Q is a ix)iut on 
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the curve. Draw SR, bisecting the angle ISX, taking 
BE equal to twice SI, or 2546 on the scale, then R is a 
point on the curve, and the curve gets nearer and nearer 
' to the asymptote AB as the angle between tlie radius- 
vector and the axis diminishes. 

Draw S L, bisecting the angle A S I, and take S L equal 
to one third of SR, or to two- thirds of SI, or 819 on the 
scale ; then L is a point on the curve. 

On SA, take SM equal to half SI, or 637 on scale, and 
M is a point on the curve. So also S D will be half of 
8 M, S C one-third of S M, S E one-fourth of S M, and so on. 

To find other points on the spiial, divide each quadrant 
into four equal angles, and measure the lengths marked on 
the figure by the same scale as is used in the other dimen- 
sions ; and in this way sixteen points on each convolution 
will be obtained. In figure 150 the spiral portion of the 
curve is drawn on an enlarged scale three times that to 
which figure 149 is drawn. 

The portion of the curve PQR (fig. 149) is very flat, 
but the curvature gradually increases towards M. Thus 
at I the radius of curvature (lOl) is more than four times 
the length of the radius-vector SI; at K it is less than 
three times the radius-vector; and at M it is less than 
twice the radius-vector. As the curve contiiuies in its 
spiral course the radius of curvature gets nearer and nearer 
to the radius-vector in length. 

A second spiral shown by the dotted line FK'L' (fig. 
149) can be drawn in the same manner as the first, by 
taking SA' and SK' as 1000 on some other scale than 
that used for S A and S K ; A' B' will be the asymptote to 
this curve, and the other points can be found by scale as 
before. 
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Another scale of measurement can be used by dividing 
each right-angle, as before, into four equal angles by the 
lines S R, SI, S L, &c., E S X being one-fourth of a right- 
angle, I S X one-half, K S K three-fourths. Let S R repre- 
sent unity on any scale, then SI will be half of SE, SL 
will be one-third of S R, S M will be one-fourth, S D will 
be one-eighth, SC will be one-twelfth, SE will be one- 
sixteenth of S R, and so on round the spiral. 

183. To draw tancfents at various points on the recipro- 
cal spiral. — ^Let ^ be the angle made by the radius-vector 
at any point on the curve with the tangent at that point, 
6 the angle of revolution (in circular measure) of the radius 
from the fixed axis S X (figs. 149, 150), then it is found 

by analysis that 

tan 4) = 9. 

The tangent K< at K (fig. 149) makes half a right-angle 
with S K, so that to draw K ^ we have only to take K k 
and K ^ at right-angles, and equal to each other. To draw 
the tangent at M, take M w equal to 100 on any scale, 
draw mt 2i peri)endicular at m, and take thereon m t equal 
to 157 on the same scale, then ^M is the tangent at M. 
At D (fig. 150), take Drf equal to 100, dt equal to 314 
perpendicular to D c?, and ^ D is the tangent at D. Pro- 
ceeding in the same way at other points, we have at C, C c 
to ct as 10 to 47 ; at E, E^ to ^/ as 100 to 628 ; at F, F/ 
toft as 100 to 786 ; at G, G^ to ^ / as 100 to 943 ; at H, 
H A to A ^ as 1 to 11 ; at J, J; to; t as 100 to 1257. The 
tangent at any other points can be found if required in the 
same manner by help of the formula given above. 

It will be seen that the tangent becomes more and more 
nearly perpendicular to the radius-vector as the spiral 
increases its number of convolutions. 
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By meana of the tangents we can draw the curve by 
hand through the several points found upon Ita contour, as 
Fiff. 160. 




they give us the direction in which the spiral is moving. 
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If it is desired to imitate the spiral by means of arcs 
of circles joining the several points found in the above 
manner, the normals must be drawn perpendicular to the 
tangents at those points, and the point of intersection of 
any two consecutive normals will be the centre firom which 
any one of those arcs must be struck. 

The Lituus. 

184. To find point^i on the contour of the spiral in which 
tlie radius-vector varies inversely as the square iWft of the 
angle of revolution from a fixed axis, — Draw B S X (fig. 
151) as a fixed axis, S being taken as the pole. Measure 
a length SX equal to lUOO on any scale, and from S as a 
centre, with SX as radius, describe a circle; from X as 
a centre, with a radius equal (on the same scale) to 959, 
draw an arc cutting the circle in K, which will be a 
point on the required curve. K can also be found by 
making the angle KSX equal to 57*3^, and measuring 
SK as 1000. Bisect the line KX by the line SP, 
taking SP equal to 1414 on the above scale; then P 
is a point of contrary-flexure on the curve, which now 
becomes convex towards the axis SX as it approaches 
thereto, being concave from P towards K. As the angle 
made by the radius-vector with the axis decreases, so the 
curve approaches nearer and nearer to the axis, but as the 
length of the radius increases at the same time, the curve 
never can reach the axis which is an asymptote (1S4) 
thereto. 

Draw C S A perpendicular to S X, and divide each quad- 
rant into eight equal angles, measuring the distance of each 
point as shown upon the figure to the same scale as was 
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used in measuring S K ; we thus obtain a sufficient number 
of points to enable us to draw in the spiral by hand. 

The radius of curvature (lOl) is of infinite length at the 
point of contrary-flexure, P, or the curve becomeis flat at 
that point. From P towards A the curvature increases 
rapidly, or the length of the radius of curvature diminishes ; 
thus at K the radius of curvature is not quite double the 
length of the radius-vector S K, at A it is less than one 
and a half times S A, and at D it is very Httle more than 
the length of the radius- vector S D, so that from this point 
the curvature of the spiral approaches very nearly to a 
circle. 

The line SE bisects the right- angle ASX and measures 
1128 on the before-mentioned scale; the line SN bisects 
the angle RSX and measures 1596; the line SQ bisects 
the angle ESN and measures 1303; the line SL bisects 
the angle N S X and measures 2256 ; the line S M bisects 
the angle N S L and measures 1840. The line S U bisects 
the angle A S E, and the line S T bisects the angle A S U. 

18S. To draw tangents at various points of the foregoing 
spiral. — Jjct ^ be the angle between the tangent and 
radius-vector at any given point on the curve, 5 the angle 
(in circular measure) of revolution made by the radius 
with the fixed axis SX (fig. 151), then it is found by 
analysis that 

tan 4> = 2fl. 

By help of this formula the tangent ciin be drawn for any 
given angle of revolution. 

At L, take L /, on the line S L, equal to 100 on any scale, 
draw It perpendicular thereto and measuring 39 on the 
same scale, then fL is the tangent at L. Proceeding in 
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the same way, we find the tangent at P by taking P/> 
equal to p t, and f P is the tangent ;. at K, take k t equal to 
twice Kk, and tK is the tangent; at A, A a is to a f as 
100 to 314 : at E, E^ is to ^^ as 100 to 471 ; at B, B6 is 
to 6 fas 100 to 628; at F, F/is to /fas 100 to 785; at 
C, Ccistocf as 100 to 943; at D, Dd is to df as 100 to 
1257. At the point D the tangent and radius- vector SD 
make an angle of 85^**, and as we follow the spiral inwards 
this angle gets nearer and nearer to a right-angle, or the 
curve approaches towards a circle in its contour. 

Having drawn the tangents we can describe the curve 
itself by hand through the several points ; or if it is desired 
to approximate to the curve by arcs of circles drawn from 
point to point, the centres of those arcs must be at the 
intersection of the consecutive normals or perpendiculars to 
the tangents at those points. 

186. To apply the litutis to form the outline of a console 
or double volute. — Draw a horizontal axis BSX (fig. 152), 
take SX equal to 1000 on any scale, and from S as a 
centre, with S X as radius, draw the circle X K ; from X 
as a centre, with radius equal to 959 on the same scale, 
draw an arc cutting the circle in K ; or draw K S, making 
an angle of 57*3° with the axis. Bisect the angle KSX by 
the line SPS', and take SP equal to 1414, then P is the 
point of flexure of the curve. On the same or any other 
scale measure PS' equal to 1414, and draw B'S'X' parallel 
to BSX; take S'X' equal to 1000 on the same scale as 
P S' is measured upon, and from S' as a centre, with S' X' 
as radius, describe a circle. Draw S' K', making with S' P 
an angle equal to the angle P S' X', and cutting the cii'cle 
at K'. P being the point of contrary-flexure in both 
curves, and the two curves having a common tangent at P, 
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a continuous contoiu* is obtained in this manner, and the 
two spirals can be drawn by the method above described 
(IBS). 

The dotted line cbapa'cf indicates another pair of 
spirals drawn around the first pair, having the same poles 
S and S' and the same axes SX and S'X', but measured 
on different scales. In the figure S/? is taken equal to S'P, 
and W p equal to SP; but any variation can be made in 
the scales employed. 

187. To find points upon a spiral in which the radius- 
vector varies inversely as the cube-root of the angle of revolu- 
Hon from a fixed axis. — Let BSX (fig. 153) be the fixed 
axis, S the pole, C S A at right-angles to the axis. Take 
S"X equal to 1000 on any scale, and from S as a centre, 
with S X as radius, describe a circle ; from X as a centre, 
TOth 959 on the same scale as radius, draw an arc cutting 
the circle in K, which is a point on the curve ; or K will 
be found by making the angle K S X equal to 57*3**. 
Draw SP, making with the axis an angle of 27°, and 
measure S P equal to 1285, then P is the point of contrary- 
flexure, the curve becoming convex to the axis as it ap- 
proaches it from the point P ; and the axis is an asymptote 
(124) to the curve. 

To find other points on the spiral, divide each quadrant 
into four equal angles, and measure the lengths from S as 
marked on the figure by the foregoing scale. Thus SJ 
bisects the angle ASX and measures 1084 on the same 
scale as SK measures 1000; bisect JSX by the line SG, 
and measure SG equal to 1366. Bisect the angle GSX 
by the line SL, and measure SL equal to 1721; bisect 
LSX by SM, and measure SM equal to 2167. The line 
SH bisects the angle JS A, and is equal to 947. 
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This spiral can be made into a double spiral in the same 
manner as described above (186), by joining on another 
similar curve at the point P, and using either the same or 
a diflTerent scale for the two spinds. 

188. To draw tangents at various points of the foregoing 
spiral. — Let ^ represent the angle between the taiigent 
and radius- vector at any point on the curve, 5 the angle 
(in circular measure) which the radius-vector has revolved 
over from the fixed axis ; then it is found by analysis that 

tan 4> = 3fl. 

From this formula we can draw the tangent at any given 
point on the curve. Thus at L the tangent T L is drawn 
by making JjI perpendicular to the radius- vector SL, and 
equal to 59 on any scale; then take /T equal to 100 on 
the same scale. At P, we find Pjt? to Tip as 1414 to 1000, 
and T P is the tangent at P ; proceeding in the same way at 
K, we find K ifc to T ^ as 3 to 1 ; at A, A a is to T a as 
471 to 100 ; at E, E^ is to T^ as 707 to 100 ; at B, B6 is 
to T6 as 942 to 100 ; and at C, Ccis to Tc as 1414 to 
100. 

After passing C the tangents become very nearly per- 
pendicular to the radius- vector, and the curvature ap- 
proaches that of a circle. 

Having drawn the tangents the cur\'e can readily be 
described by hand through the several points ; or by draw- 
ing nonnals perpendicular to the tangents at those points, 
arcs of circles can be described from point to point having 
their centres at the intersections of consecutive normals. 
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The Equiangular oe Logarithmic Spiral. 

189. To find points on the equiangular spiral^ the depth 
and axis of which are given. — Let DSC (fig. 154) be the 
given axis, S the pole, ASB the given depth ; the ratio of 
A S to B S being alao given. Find S C a mean-proportional 

I<1g. 154. 




(17) between AS and BS, then C is a point where the 
spiral cuts the axis. Join A C, and draw B D parallel to 
A C cutting the axis in D, then D is also a point on the 
curve. Join B C, and draw D E parallel to B C, and E is 
■A iwint where the spiral cuts SA. Draw EG parallel to 
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A C, GF parallel to B C, F H parallel to B D, H I parallel 
to D E, and so on for as many convolutions as may be 
desired, and we obtain four points on each convolution. 

To find intermediate points, divide each quadrant into 
four equal angles by the lines S a, S 6, &c. ; then the line 
S 6 is a mean-proportional between S A and S C ; 8 a is a 
mean-proportional between S A and S 6 ; S c is a mean- 
proportional between S b and S C ; S ^ is a mean-proportional 
between S C and SB; S d is a mean-proportional between S C 
and S^; S/ is a mean-proportional between S^ and SB. 
Having determined eight points on the first half of the 
convolution, the other points are found from them; for 
the chord of B^ is parallel to the chord of A a, the chord 
of ^ A is parallel to the chord of a 6, and so on all round 
the spiral. The points where the other convolutions cut 
the lines drawn from S are found in the same manner by 
drawing chords parallel to the chords in the first convo- 
lution ; thus E n is parallel to A a, n j9 to a b, and so forth. 

Another method. 

Divide the given length AS by the given length BS, 

and take the common logarithm of the quotient; divide 

1'3643 by that quotient, and call the result a; or, in 

algebraical formula, 

1-3643 

ass — 



Next divide '1705 by the value of a found above, and 
subtract the quotient from the common logarithm of S A ; 
the diflference will be the common logarithm of S a ; or, in 
algebraical formula, 

log(Sa)=log(SA)-^lI^ 

OL 
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Having thus determined the length of 8 a, draw two 

Unes OA and OA', making an acute angle with each 

Fig. 165. other at O (6g. 155), let O A equal SA, 

O A' lesa than O A ; take O a equal to 

Sa (fig. 154), determined as above, join 

A A', A' a ; then draw a a' parallel to 

A A', a'b parallel to A' a, bl/ parallel 

to A A', b' c parallel to A' a, and bo on ; 

then the lengths O a, Ob,Oc, &c., thus 

found on OA will represent the length 

S a, S 6, S c, &c., on the spiral (fig. 154) ; 

and in thia way all the points on the 

contour from A to B can be found. Also 

if we require to draw another spiral 

similar to the first, as shown by the 

dotted line A'a'l/ (fig. 154), we have 

only to take OA' (fig. 155) equal to 

S A', and the lengths a', O b', O c', &c., will represent S a', 

S b', S (/, &c., on the second curve. 

190. To draw tanijents and normaU at varioiis points on 
the equiangular spiral. — Let the lengtlis SA, SB (fig. 154) 
be given ; then the trigonovietrical tangent t> of the angle 
between the radius-vector and the ^eomc/n'cai tangent at any 
point of the spiral is found by dividing SA by SB, taking 
the logarithm of the quotient and dividing the number 
1-3643 by the quantity obtained ; or, algebraically expressed, 
1-3643 

'"s (bs) 

Suppose, for example, that SA=20, SB=14, as in 
figure 154; then we find from this formula that a«9. 
TJpon S A measure S y equal to 9 on any scale, draw y z at 
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right-angles, and equal to 1 on the same scale, or to one- 
ninth of S y ; join S z^ then S y divided hj y z represents 
the trigonometrical tangent (a) of the angle S-^y or S^y 
(y X being taken equal to y z)\ therefore S ^ y or S ^ y is 
the angle which the tangent and radius-vector make with 
each other at every point of the spiral; and if A K is 
drawn parallel to S .r, A K is the normal or perpendicular 
to the tangent at A ; and the tangent itself can be drawn 
by simply drawing a line at A perpendicular to A K. If 
Kzis produced to meet the curve at P, then P is the point 
where the tangent is parallel to the axis S C, and is the 
highest point on the convolution. The normals at a, 6, c, 
&c., can all be found by drawing lines making an angle 
equal to K A S with S a, S 6, S c, &c., and the tangents at 
those points will be perpendicular to those normals. If 
the curve is drawn in by hand the tangents should all be 
drawn at the several points so as to give the direction of 
the spiral. If it is desired to imitate the spiral by drawing 
arcs of circles from point to point, the centres of those 
circles will be found in the intersection of the normals 
drawn from any two consecutive points. 

191. To draw the equiangular spiral when the depth and 
the angle between the tangent and radiums are given. — ^Let 
AB (fig. 156) be the given depth, a the trigonometrical 
tangent of the given angle, the value of which is found 
from a table of tangents when the angle is given. Then 
the ratio of A S to B S is found by the following formula : 

ASn_ 1-3643 



1 /Ai5\ iOO 



or, divide 1*3643 by the value of a and the quotient is the 
logarithm of the ratio of A S to B S, the value of which is 
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found from a logarithmic table. We have then to divide 
A B in the ratio thus obtained and find the pole 8. The 
spiral can now be drawn by one of the methods above 
described (18*). 

For example, let the given angle be 80°, as in figure 
156; the tangent of 80" is given in the tables as 5-67, 




which is the value of a in this case. Dividing 1'3643 by 
5-67, we get -2406, which is the logarithm of 174, or very 
nearly I . Divide the given length A B into eleven equal 
parts, and measure four of those parts from B towards A, 
and we obtain the pole S. Draw D S C at right-angles to 
A B, and we find the point C by taking S C a mean-pro- 



_- = logC7)- 
: -8151= log. () 



portional between A S and B S, either by the 
process (17), or by extracting the square 
product of A S and B S, for 

- SC* = ASxBS = 7x4=2S. 

This gives us S C = 5-3 very nearly. 

The point b is found by taking S 6 a mean-] 
between S A and SC, or, Sb= -/I x 5-3 = 61. 

The point a is found by taking S a a mean- 
between S A and S 6, or, 

Sa= a/7 X 6-1 = 6-53. 

We can also obtain the value of Sa by 
previously given (189), namely, 

log(Sa) = log(SA)-*l^^^ 
= ■8451- -03 
or, Sa=6-53 as found above. 

Now draw OA, A' (fig. 157), making an 
at O, and take O A' less than A, as, for 
example, let O A' equal SA' (fig. 156). 
Take OA equal to SA (fig. 156), and 
O a equal to S a just found, namely 6-53, 
the length of S A being 7. Join A A' 
(fig. 157) and A' a ; draw a a' pai-allel to 
A.A\(/b parallel to A' a, b b' parallel 
to A A', V c parallel to A' a, and so on ; 
then Oa, Ob, Oc, &c, represent the 
lengths of Sa, S6, Sc, &c. (fig. 156). 
Also O a', b', &c., represent the lengths 
S a', S b', &c., in the dotted spiral. 

On SA (fig, 156) take S^ equal to 
5"67 on any scale, draw zya; perpen- 
dicular to S ^, making y z and y x each 



geometrical 
root of the 



proportional 
■proportional 

the formula 

•1705 
5-67 
53) 
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equal to unity on the same scale ; then A K the normal at 
A is parallel to S x. Produce S ^ to meet the curve at P, 
and the tangent at P is parallel to B C. Also produce S D 
to u, and let Su be 5"67 on any scale, draw uv perpen- 
dicular thereto and equal to unity ou the same scale ; then 
Tif. 168. 




the tangeot at A is parallel to Sw ; it is also at right-angles 
to the normal A K. Svu represents the angle which the 
tangent and radius-vector make with each other at every 
point on this spiral. 

As another example, let AB (fig. 158) be given as 30 
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on any scale, A S equal to 20, B S to 10, the ratio of A S 
to BS being that of 2 to 1 ; then (X90) we have 

1-3643 1-3643 



a = 



= 4-53 



log (2) -30103 

which is found by the tables to be tJie tangent of 77-55°, 
and this is the angle between the tangent and radius-vector 
at every point on the spiral. Take Sy equal to 4*53 on 
any scale, draw xy z perpendicular thereto, and let xy or 
y zhe unity on the same scale ; then the normal AK at.A 
is parallel to S ^ ; and if the line S ^ is produced to meet 
the curve at P, that will be the point where the tangent is 
parallel to the axis D C. If we take S u equal to S y, or 
to 4*53 on any scale, and draw u v perpendicular and equal 
to y z or to unity on that scale ; then the line S v is parallel 
to the tangent at A. The angle ^vu or S^y represents 
the angle (77'55°) which the tangent and radius-vector 
make with each other at all points of the curve. The 
length of S C is a mean-proportional between 20 and 10, or 
is the square-root of their product, 200; this gives SC= 
14*14 ; S 6 is the square-root of 20 x 14-14, or 16-8 ; S a is 
the square-root of 20x16*8, or 18*34. The value of Sa 
can also be found directly from the formula previously given 
(18») ; 

log(Sa)=log(20)-:lI<^^? 

= 1-30103- 0376 
=1-26343 

which is found in the tables to be the logarithm of 18-34. 

When S A and S a (fig. 158) are determined, the other 
points b, c, &c., can be- found by drawing A and A' 
(fig. 159) making an acute-angle, OA being taken equal 

M 
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to S A (fig. 158), and OA' equal to S A' and less than SA. 
Tilt. 15!>. Take a equal to S a, draw A A', 

A' a ; then proceed as before to draw 
successive parallels to those two 
linee, and 06, Oc, &c., will be equal 
to S 6, S c, &c. (fig. 158). Also a\ 
Ob'y &c., will be equal to Baf, Si', 
&c., on tlie dotted spiral. 

If it is desired to draw the arcs 
A a, ab, &c., as arcs of circles, the 
normals must be drawn at those 
points, making an angle of 77 'SS" 
with the radii SA, Sa, S6, &c., and 
then the point where the normals at 
A and a intersect will be the centre 
for the arc A a ; the point where the 
normals at a and b meet will be the 
centre for the arc ab; and so on. 

192. To apply the eguiangular-spiral to the formation 
of volutes and other architectural ornaments. — In drawing 
volutes the depth A B (fig. 154, 156, 168) and the ratio of 
A S to B S are usually given. The volute can therefore be 
drawn in the manner above described (189}- 

The point A will not, however, be the highest point of 
the spiral which rises until it reaches P found in the manner 
before described (190), and at this point the tangent is 
parallel to the asis D C. Also if P S is produced to meet 
the curve again at^. the tangent at p will be also parallel 
to D C, and the point p will be the lowest on the spiral. 

The spiral given in figure 154 is a very near approxi- 
mation to the usual form of Ionic volute, having S A to SB 
as 10 to 7. If another spiral A' a' b', as shown by the dotted 
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line, is required, as is the case wlieii there is a fillet or 
moulding on the face, we must proceed as in figure 155, 
taking O A equal to S A, A' to S A' ; Oa,Ob, &c., equal 
to S a, S &, &C., and drawing the parallels we obtain a', 
b'y &c., equal to the required lengths of S a', S A', &c., and 
the spiral can be drawn in as before. In tlie same way 
any number of lines consisting of similar spirals can be 
obtained. 

In volutes it is usual to let the innermost convolution of 
the spiral die away into a circular eys (fig. 160). To find 
Fig. 160. 




the centre of this circle draw EP, LP, the normals at two 
consecutive points, meeting in P ; then P is the centre, and 
P E the radius of the required circle which has a common 
tangent with the spiral at E, and P E is very nearly equal 
to the radius of curvature at E. 

An application of this spiral to form the contour of a 
classical ornament is shown in figure IGl, in which two 
equal spirals are turned reversed ways against each other, S 
being the focus, CSX the horizontal axis, A S B perpendicu- 
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lar thereto. In this case the ratio of S A to S B is that of 4 
to 1. and the value of a, or the tangent of the angle between 
die radius-vector and tangent, is 22. Taking S y as unity on 
any scale, yz perpe(idicular thereto, and equal to 2'2 on 
the same scale, Sz will be parallel to' AT the tangent at A, 
and also to the tangent at B ; s S y will represent the angle 
rtg. 161. 
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between the tiingent and radius-vector drawn from S at 
every point on the curve. 

Make the angle B S p equal to the angle y z S, and p 
will be the lowest point on the curve, the tangent at p 
being parallel to C S X. 

The equiangulai'-spiral being capable of any amount of 
variation, is the most valuable of all the known spirals for 
decorative purposes. 



CHAPTER VI. 

CYCLOIDS. 

193> To describe a cycloid by continuous motion. — Let 
A B {fig. 162) be a straight line, as the edge of a ruler, and 
let a circle of given diameter C D roll along the line A B ; 
then a pencil fixed at any point on the rolling circle, start- 




ing from A and returning to the straight line at B after 
having made one whole revolution, will mark out the curve 
A 1) B, called the cycloid. 

194b. To jind points upon tke perimeter of the cycloid. — 
Divide the line A C (fig. 1G2) into eleven equal parts, and 
also the circumference of the half-circle D into eleven 
equal parts. Ijct C </ be any number, as four, of those 
parts ; draw g P parallel to A B, and take g P equal to A g, 
then P is a point on the cycloid. In the same way as 
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many points can be found on the curve as there are 
divisions on the circle. 

The part of the curve from D to B is exactly similar to 
the part from D to A. 

X95. To draw the tangent and normal at any given point 
on the cycloid, — Let P (fig. 162) be the given point on the 
curve. Draw .P^ ^parallel to AB cutting the generating 
circle in g ; draw C g the chord of the circle, and at P 
draw PT parallel to D^, PT will be the required tangent. 
In the same way the tangent at any other point can be 
found by drawing a line parallel to the corresponding chord 
of the circle. The tangent at D is parallel to A B, and the 
tangents at A and B are parallel to the diameter C D, or at 
right-angles to A B. 

Since the chord C g makes a right-angle with g D, the 
normal PN at the pqint P must be parallel to C^^. In 
this way the normal can be drawn at any point without 
drawing the tangent. The diameter C D is the normal at 
the vertex D, and the line A B is the normal to the curve 
at A and B. 

The normal P N can also be drawn by taking Kd on 
A C equal to the arc C ^ on the generating circle, and 
drawing P N through the point c/ on A C. 

To approximate to the cycloid by means of arcs of circles, 
draw the normals at P and Q, meeting in N, and from N as 
a centre draw the arc P Q. Proceed in the same manner at 
the other points found on the curve, and the arcs of circles 
drawn from the intersections of consecutive normals as 
centres will give a curve nearly resembling the cycloid. 
The radius of curvature has its greatest value at the vertex 
D where it is equal to twice the diameter CD of the 
<?eneratiniT circle ; the curvature beinjy least at the vertex 
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D and increasing towards A and B, at which points the 
radius of curvature is nothing. The length of the radius 
of curvature, PN, at any point P is equal to twice the 
chord Cg of the circle. 

X96. Properties and applications of the cycloid. — The 
length of any arc as D P measured from the vertex D is 
equal to twice the length of the chord D g of the generating 
circle, and the whole length of the arc A D or B D is equal 
to twice the diameter CD. The area contained between 
the curve and its base Une AB is equal to three times the 
area of the generating circle. 

K we invert the cycloid so as to make its vertex D the 
lowest point, AB being kept horizontal, and a ball is 
allowed to fall from any point on the curve and constrained 
to descend in a groove having the fonn of the cycloid, the 
time of its descent to the lowest point will be the same 
from whatever point on the curve the descent commences ; 
and if a pendulum is made to oscillate in a cycloid, its 
times of oscillation will be the same whatever the length of 
the arc it describes. The cycloid is also the curve of 
quickest descent of a body from one point to another not 
in the same vertical line. 

The cycloid may be used as the contour of an arch, the 
height C D of which is to the span A B in the ratio of 7 to 
22,^ or of 100 to 314. In this case the normals will repre- 
sent the directions of the joints of the voussoirs of the arch. 

The cycloid is the proper form for the teeth of a rack 
which drives a cogged or pinion wheel, the part from A 
towards P being used for that purpose. 

X97. To describe the curve called the companion to the 
cycloid. — ^Let A B (fig. 163) represent the circumference of 
the circle whose diameter is C D, and its centre at 0. Let 
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C be the middle point of AB, and divide AC into eleven 
equal parts, and also tlie circumference of the semicircle 
uito the same number of equal parts. Draw any ordinate 
asN^P parallel to A C, and make NP equal to J) g or 
A ffy then P is a point on the required curve. 

This curve has a point of contrary-flexure (1S8) at the 
ordinate OE equal to the quadrant of the circle. The 
tangent at E makes half a right-angle, or 45°, with the line 




EO. The tangent at D is parallel to AB, and at A and 
B the line A B is the tangent. 

. The tangent at any otlier point P can be drawn by taking 
OF equal to N^, and the line FI is parallel to the tangent 
at P. 

This curve can be appHed to form the contour of archi- 
tectural mouldings, such as the ogee or sima, or for an 
ogival arch, of which CD is the half-span, AC the height. 

198. Definition. — When the pencil is placed at a 
point within the circumference of the generating circle the 
curve marked out is called a trochoid. 

190. To find points upon a trochoid. — Let A B be the 
line on which rolls the generating circle whose diameter is 
CD (fig. 104), 0(j the distance from the centre of the 
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pencil which describes the curve. Divide, as before, the 
line AC into eleven equal parts, and also the semicircle 
CKD. Draw the radii Oa,Ol>, &c. Let the rathiis 0(/ 
cut the inner circle in the point p, draw ^pV parallel to 
A B, and take p P equal to the arc D d, or to the line A d ; 
then P b a point on the trochoid. Let m represent the 




ratio of E to C, and make C M equal to the product of 
CO into the fraction (1 — »**) ; draw MyQ parallel to AC 
cutting the inner circle at q. Join O q and produce it to 
meet the generating circle at I; take jQ equal to the arc 
D I, and the point Q will be one of contrary-flexure (155), 
and the tangent at Q is parallel to q. 

The curve has the line F G, parallel to A B, for ita 
tangent at F and G ; and the tangent at H is parallel to 
AB. 

Draw OKL parallel to AB, meeting the curve at L, 
join HK, and the tangent at L will be parallel to HK. 

200. To describe an epicycloid and hypocycloid. — Let 
the generating circle move outside the circumference of 
another circle, instead of on a straight-line as in the 
cycloid; then the curve which a pencil on the circnm- 
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ference of the rolling circle will mark out is called nil 
epicycloid. This curve is used to form the outline of tJie 
teeth of two cogged wheels which roll upon the outside of 
.each other. 

If the generating circle rolls on the inside of the circum- 
ference of another circle, then a point on its circumference 
marks out the hypocycloid^ which is used to form the outline 
of the teeth of cogged wheels, one of which rolls on the 
inside of the other. 
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DIAGRAMS OF STRAINS. 

XOl. One of the most important applications of 
practical geometry to constructioaal purposes ie the 
drawing of diagrams of strains, whereby the relative strain 
on each part of a frame can be seen at a glance, and we 
are thus enabled to determine the amount of strength neces- 
sary for the several parts of the structure. Suppose a beam 
AB (fig. 165) to be fixed Fig. i65. 

in a wall at one end A, 
and to be loaded with a 
weight W, uniformly dis- 
tributed over its entire 
length. Measure the 
length A C to represent on 
any convenient scale the 
quantity ^WxAB. Through the points B and C draw 
(142) a parabola having its vertex at B ; then the moment 
of strain produced oa the beam at any point D will be 
represented by the ordinate D E of the curve, on the same 
scale as that used for A 0. 

Let AB (fig. 166) be a beam supported at each end, 
and loaded uniformly Fig- 166. 

throughout with a load 
W. Then if D is the 
centre of the beam, and 





we measure D C vertical 
and representing on 
a scale the quantity 
^WxAB, and we draw a parabola throuiiih A, C and B, 
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Fig. 1C7. 



having its vertex at C, we find that the moment of strain 
at any point E of the beam will be represented on the same 
scale by the ordinate E F. 

The etrains upon the different parts of a frame can be 
determined by means of the following theorem propounded 
by the late Prof. Clerk Maxwell. 

Let the triangle ABC (lig. 167) represent a frame 
jointetl at the vertices, 
and kept in equi- 
librium by three 
forces acting at A, 
B, and C, the direc- 
tions of which meet 
at the point D, and 
are proportional to 
the sides of a tri- 
angle parallel to the 
lines D A, D B, D C 
respectively, namely, 
the triangle X Y Z. 
Draw X O, Y 0, Z parallel to the sides of the frame, 
and these lines will r^'present the strains in those sides 
lo which they are resi>ectively parallel, to the same 
scale as the sides of the triangle X Y Z represent the 
original forces at A, B and C. The figure A B C is tlie 
* frame- diagram,' and X Y Z is called the ' stress-diagram ' ; 
the lines which in the frame make a closed polygon are 
represented in the stress- diagram by lines meeting in a 
point ; and, on the other hand, those which in the latter 
form a closed polygon, in the former are represented by 
lines which meet at a point ; consequently the two are 
' reciprocal figures.' By this means the stresses on each 
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part of a frame can be determined by a geometrical 
process. 

We will now apply this method to the case of a simple 
form of roof truss as A C B (fig. 168), which is the 

Fig. 168. 






frame-diigram, the other figure (fig. 169) being the stress- 
diagram. Suppose W to be the total load upon the frame ; 
then ^ W is borne directly at A and at B, | W at G, C and P. 
The vertical re-action at A and B is ^ W. 

Draw the vertical M N (fig. 169} to repreaeot W on 
any scale, and take / as its middle point. Let N a, M a', 
/■(/, /d', be each taken equal to J Won the above scale. 
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Draw a b and d c parallel to B C, /6 parallel to B E, J c to 
EF, ce to EC,/e to DE. Also draw a'l/, <£ d parallel to 
AC,/6'to AD, 6'c'toDG, (/tftoDC. Then wo can at 
once find, by using the al)ove scale, the different strains in 
each of the parts of the frame, from the lengths of the lines 
parallel to them m the stress-diagram (fig. 169). Thus 
we have/N and/M for the re-action at A andB, Na and 
M tt' for the loads supported at A and B, a d and a' d' the 
vertical pressures at G and Y, dd that at C, a 6 and a! h' the 
force down AG and BF, tZc and dV that along CG and 
C F, ;• c and V c that in E F and G D, and bf, h'f the strains 
in B E and A D ; e c and e c' are the strains in E C and D 0, 
and fe is that along D E. 

Besides the vertical load W, there is, in the case of a roof 
truss, the pressure of the wind acting at one side only of the 
Irarae, and for which we require a separate stress-diagram 
(fig. 170). Suppose the pressure of the wind on the side BC 
to be represented by the load w acting at right angles to B C ; 
then the pressure at each point B and C is J w, and ^ w; at F. 



Fig. 170. 




Let the rafter 
B C make an 
angle of 30° with 
the horizontal ; 
then the pressure 
at C produces a 
re-action at B of 
i wx^ or -rV '^' 
and of ^ «? at A. 
Aldo the prt^ssnre 
at F produces a 
re-actitin at B of 
w. So that the 
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total re-action ntH is \w-^-^w+^Wj or ^w ; and at A of 
^w-h^w, or ^w. Draw q I parallel to the direction of the 
pressure or at right-angles to B C, and take its length to 
represent the pressure ?r. Let / k and qo he each ^ w, 
take / m to represent the re-action at B, namely, § w. 
Draw m n parallel to B E and kn to B F ; these lines will 
represent the strains in those beams respectively. Draw 
op parallel to F C, and np to E F ; these will be the strains 
in those beams. Draw q s parallel to A C, and m 5 to A D, 
and we have the strains in those beams respectively. 
Lastly, draw p r parallel to C E, and mr to ED, and we 
have the strains in C E and E D respectively represented by 
these lines. Combining the strains from the two diagrams 
we obtain the total strain produced in each of the parts of 
the frame. By the same method we can easily find the 
relative strains in the several parts of any kind of frame 
whatever. 
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Fig. 171. 



I80METBICAL PROJECTION. 
20£. This method of projection is very useful when it i& 
desired to represent a view of a group of buildings which 
cover a considerable space of ground ; and, as all the parts 
are drawn to scale, we are able to measure them in the 
same way as in an ordinary plan or elevation. 
Draw a circle having O for its centre (fig. 171), and in it 
describe a regular hexagon 
ABCDEF (44); draw 
the radii OB, O C, E ; 
then we shall have an 
' isometrical ' representation 
of a cube, the three visible 
pknes of which, namely, 
ABOC, CDEO, BFEO, 
are all equal and similar, 
and all the boundary lines 
are also equal ; hence the term ' isometrical ' or ' equally 
measured ' is applied to this kind of projection. The 
figure ABOC represents a horizontal square, and the 
two others represent vertical squares. The radii B, C, 
OE are tenned isometric axes, all lines parallel to which 
are called isometric Hrws, being the regulating point, and 
the three planes are called isometric planes. 

It is evident that aU horizontal lines in the building will 
be represented in the projection by lines making the angle 
30° with the horizontal, or 60° with the vertical, such as 
B, E D, A B and A C, while all vertical lines in the 
building will also be vertical in the projection. 
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Siace the isometric lines are projections of the real lines 
of the building, they must be shorter in length, the propor- 
tion being as 1 to -8165 ; so that if we have a scale of the 
building, or of its plan and elevation, showing 10,000 feet 
length, and we take 8,165 of those feet for another scale 
and divide it into 10,000, each of these divisions will 
represent a foot of measurement in the isometric projection, 
and with this scale we can measure any part of it vertically 
or horizontally. 

The isometric representation of a horizontal square, such 
as ABOC (fig. 172), has the angles at A and O 120° each, 
and those at B and C 60° pjg lyg 

each ; the diameter B C 
is the same as that of the 
original square, but the 
diameter A is reduced 
in the proportion of tan, 
30° to tan. 45°, or as 
577 to 1,000. If we 
take IH=IC, then the 
line C H will be the 
side of the original 
square, of which C is its isometrical projection. 

If a circle is inscribed in the original square its isometrical 
projectioD will be an ellipse having its major axis be equal 
to C H, and its minor axis a rf=*577xC H, so that the 
ellipse can be drawn as previously described (105), touching 
the sides of the projected square in their middle points e, J\ 
g and h. The points a and d can also be found by 
drawing b a and c d parallel to A B. An octagon inscribed 
in the square will be projected in the same manner as the 
circle, a d being its diameter one way and 6 c its diameter 
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at right angles to the former, the sides being found by 
drawing vertical lines through b and c, and horizontal ones 
through a and rf, cutting the sides of the projected square, 
as shown by the dotted lines. 

The above method of projection was first introduced by 
Prof. Farish for the purpose of representing models of 
machinery, and his paper on the subject will be found 
in Gregory's * Mathematics for Practical Men.' * 

* Crosby Lock wood & Co. 
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Chap. 1. — Mbchakical Principles. 

„ 2. — Ebtainino Walls. 
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,, 4. — Building Stones. 

„ 6. — Timber. 
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Author's Preface. 

In this volume the Author has endeavoured to introduce the Student of Architecture 
to a general outline of the Scientific Subjects connected with his profepsion, an 
acquaintance with which can at present be only obtained by the perusal of a large 
number of works by various authorities. 

He has been careful in all cases to consult the writers who stand highest in their 
respective branches of knowledge; and by avoiding the use of the higher mathe- 
matics, as well as those topics which belong more especially to the engineering 
profession, he has brought the various subjects within the capacity of those whose 
mathematical attainments do not extend beyond elementary geometry and algebra. 



Opinions of the Press. 



' A Tery valaable book, which we strongly recommend to all (indents. The author has sought, 
and successfully, to lay before the student of architecture and building a general outline of the 
scientific subjects connected with his profession, an acquaintance with which could previously be 
obtained only by going to a number of works by various authorities.'— Bdildbb. 

* A modest and valuable book of reference to the student. . . . The formulte will be found perfectly 
Intelligible and available by the dass for whom they are intended.' — Athen.£UM. 

* The author has displayed sound judgment in avoiding the use of the higher mathematics, while 
he has been careful to consult the best authorities on the various sulq'ects constituting the contents 
of his work, and those writers who are the best known in the respective branches of science with 
which each has to do. By adopting this judicious course Mr. Tarn has brought his treatise within 
the reach of all those who are moderately well acquainted with geometry, algebra, and trigonometry. 
. . . While his valuable little volume is quite sufficiently scientific to answer the purposes intended, 
it is written in a style that will deservedly make it popular. The diagrams are numerous and 
exceedingly well executed, and the treatise does credit alike to the author and the publisher.' 

Enoinesb. 
*No architectural student should be without this handbook of constructional knowledge.' 

Arohitbct. 
' The book is very far froir being a mere compilation ; it i? an able digest of information which is 
only to be found scattered through various works, and contains more really original writing thui 
many putting forth far stronger claims to originality. . . . Mr. Tarn has done his work exceedingly 
well, and he has i»oduced a book which ought to earn him the thanks of all architectural students. 
It is clearly printed, the woodcuts are aU well executed, and the woik has been made of a very 
convenient size for reference.' — ENGiNESRiNa. 

* Clear and intelligibly arranged.'— Popular Science Review. 

'The author gives a vast amount of sound information. His work will prove of considerable 
value to aU who are engaged in the art of coDstruction.' — Mdong Journal. 



London: CROSBY LOCKWOOD&CO., 7 StationerB'-HallCotirt,E.C. 



EDITED BT THE AUTHOB OF ' THE 8CIEN0E OF BUUiDISTG.' 
Svo. wUh 9 Fcidmg Plates and 47 Woodcuts, lOs. 6d. cloth, / 

THE STUDENT'S GUIDE 

TO THB FBACnCE OF 

MEASURING AND VALUING ARTIFICER'S WORKS; 

ContainiDg Directions for taking Dimensions, Abstracting the same, and bringing the 
Quantities into Bill, with Tables of Constants, and copioos Memoranda for the 
Valuation of Labour and Materials in the respective Trades of Bricklayer and Slater, 
Carpenter and Joiner, Painter and G-lazier, Faperhanger, &c. Originally Eldited by 
EDWARD DOBSON, ATchitect. New Edition, re-written, with Additions on Men- 
suration and Construction, and several useful Tables for facilitating Calculations and 
Measurements! 

By E. WYNDHAM TARN, M.A., Architect. 



North Door, St. Marie's Abbey, Beaulieu. 

Details of Bricklayer's Work. 

Methods of Lajring Floors — Dowelling 

and Heading Joints. 
Koofwork, &c., Bracketing, Centering. 
Details of Doorframes, Sashes and Frames, 

Shutters, &c. 



List of Platbs. 

Wooden Staircases, Strings, &c. 

Stone Staircases. 

Stone Columns, Cornices, Curbs, Sills, 
Niches, &c. 

Elevation of Door, Window, and Mould- 
ings. 



OPIinONS OF THE FbBSS. 

' Well fulfils the promise of its title-page. Mr. Tabr's additions and revisions have mnch inerf ased 
the usefnlticas of the work.'— Enoihsbring. 

* Mr. Takn's work is one well fitted to be of great nae to all members of the aruhitectoral profession 
in particQlar, and is deserving of a place in the library of any one interested in boilding operations.' 

Ekoimebr. 
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CAEPENTEY AND JOINEEY. 

The Elementary Principles of Carpentry. 

Chiefly composed from the Standard Work of THOMAS TREDGOLD, C.E. With 
Additions from the Works of the most Becent Authorities, and a TBEATISE ON 
JOINERY by E. Wtndham Tabn, M.A. 

* The two volnmes form a complete Treasury of Carpentry and Joinery, and Mr. Tarn deserves 
the greatest praise for Ids skillfolly chosen additions and improvements. . . . Sboukl be in the bands 
of every carpenter and joiner in the Empire.'— Iron. 

* Mr. Tarn's volume is an excellent one, and one as well fitted for a class book in schools as for 
the workshop and the general book-shelf of aU practical and would-be nseful persons.' 

Irish BriLDER. 



Uo. price 7«. 6<f. cloth hoards, 
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Number' 8 New Work on Water-Supply. 

A COMPREHENSIVE TREATISE ON THE WATER-SUPPLY 
OF CITIES AND TOWNS, By William Humber, A-M. Inst. C.E., and 
M. Inst. M.E., Author of **Cast and Wrought Iron Bridge Construction," &c., &c. 
Illustrated with 50 Double Plates, i Single Plate, Coloured Frontispiece, and up- 
wards of 250 Woodcuts, and containing 400 pages of Text. Imp. 4to, ;f6 6j. 
elegantly and substantially half-bound in morocco. 

List of Contents. 



I. Historical Sketch of some of the means that 
have been adopted for the Supply of Water to 
Cities and Towns— II. Water and the Foreign 
Matter usually associated with ft— III. Rainfall 
and Evaporation. — IV. Springs and the water- 
bearing formations of various districts. — V. Mea- 
surement and Estimation of the Flow of Water. — 

VI. On the Selection of the Sonrce of Supply. — 

VII. Wells.— VIII. Reservoirs.— IX. The Puri- 
fication of Water.— X. Pumps. — XI. Pumping 



Machinery. - XII. Conduits.— XIII. Distribution 
of Water. — XIV. Meters, Service Pipes, and House 
Fittings. — XV. The Law and Economy of Water 
Works. — XVI. Constant and Intermittent Supply. 
— XVII. Descriptionof Hates.— Appendices, giving 
Tables of Rates of Supply, Velocities. &c. &c., 
together with Specifications of several Works illus- 
trated, among which will be found : Aberdeen, 
Bideford, Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



"The most systematic and valuable work upon water supply hitherto produced in English, or in any 
other language. . . . Mr. Humberts work is characterised almost throughout by an exhaustiveness 
much more distinctive of French and German than of English technical treatises."— i^ii^zM^'^r. 

** We can congratulate Mr. Humber on having been able to give so large an amount of information on 
a subject so important as the water supply of cities and towns. The plates, fifty in number, are mostly 
drawings of executed works, and alone would have commanded the attention of every engineer whose 
practice may lie in this branch of the profession." — Builder. 

Humber'8 Great Work on Bridge Construction, 

A COMPLETE AND PRACTICAL TREATISE ON CAST AND 
WROUGHT IRON BRIDGE CONSTRUCTION, including Iron Foundations. 
In Three Parts — Theoretical, Practical, and Descriptive. By William Humber, 
A-M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much im- 
proved, with 115 Double Plates (20 of which now first appear in this edition), and 
numerous Additions to the Text. In 2 vols., imp. 4to, ^6 its, 6d. half-bound in 
morocco. 

** A very valuable contribution to the standard literature of civil engineering. . In addition to elevations, 
p*ans and sections, lar^e scale details are given, which very much enhance the instructive worth of these 
illustrations. No engineer would willingly be without so valuable a fiind of information." — Ctvil 
Eng^iiuer and Architect's Journal. 

*' Mr. Humberts stately volumes, lately issued — in which the most important bridges erected during 
the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, Mr. Hawkshaw, Mr. Page, 
Mr. Fowler. Mr. Hemans, and others among our most eminent engineers, are drawn and specified in 
great detail." — En^neer. 
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HUMBER'S MODERN ENGINEERING. 

A RECORD OF THE PROGRESS OF MODERN ENGINEERING. 
First Series. Comprising Civil, Mechanical, Marine, Hydraulic, Railway, 
• Bridge, and other Engineering Works, &c. By William Humber, A-M. Inst. 
C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large scale. Photographic 
Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious descriptive Letterpress, 
Specifications, &c., ;f 3 31. half-morocco. 



List of the Plates and Diagrams. 

Victoria Station and Roof, L. B. ft S. C. R. 

L plates) : Southport Pier fa plates) ,* Victoria 
tion and Roof. L. C & D. and G. W. R. (6 
plates) : Roof of Cremome Music Hall ; Bridfre 
over G. N. Railway; Roof of Sudon, Dutch 



Rhenish Rail (2 plates) ; Bridge over die Thames, 
West London Extension Railway ^5 plates) ; 
Armour Plates : Suspension Bridge, Thames (4 
plates): The Allen Engine; Susfiension Bridge, 
Avon (3 plates) ; Underground Rsiilway (3 plates) . 



*' Handsomely lithographed and printed. It will find favour with many who desire to preserve in a 
permanent form copies of the plans and specifications prepared for the guidance of the contractors for 
many important engineering works." — Engineer. 

NUMBER'S RECORD OF MODEJ^N ENGINEERING. Second 
Series. Imp. 410, with 36 Double Plates, Photographic Portrait of Robert 
Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letterpress, Speci- 
fications, &c.,;f3 3J-. half-morocco. 

List of the Plates and Diagrams. 



Birkenhead Docks, Low Water Basin (15 plates); 
Charing Cross Station Roof, C. C. Railway (3 
plates) ; Digswell Viaduct, Great Northern Rail- 
way ; Robbery Wood Viaduct, Great Northern 
Railway ; Iron PermanentWay ; Clydach Viaduct, 
Merthyr, Tredegar, and Abergavenny Railway ; 



Ebbw Viaduct, Merthyr, Tredegar^ and Aber- 
gavenny Railway : College Wood Viaduct, Corn- 
wall Railway ; Dublin Winter Palace Roof (3 
plates) ; Bridge over the Thames, L. C. and D. 
Railway (6 plates) ; Albert Harbour, Greenock (4 
plates). 



'* Mr. Humber has done the profession good and true service, by the fine collection of examples he has 
here brought before the profession and the public." — Practical Mechanic's Joumal. 

NUMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. M 'Clean, 
Esq., late Pres. Inst. C.E., and copious descriptive Letterpress, Specifications, &c., 
^3 3^. half-morocco. 

List of the Plates and Diagrams^ 



Main Drainags, Mktropolis. — North Side. 
— Map showing Interception of Sewers ; Middle 
Level Sewer (2 plates) ; Outfall Sewer, Bridge 
over River Lea (3 plates) ; Outfall Sewer, Bridge 
over Marsh Lane, North Woolwich Railway, and 
Bow and Barking Railway Junction ; Outfall 
S<'wer, Bridge over Bow and Barking Railway (3 
plates) ; Outfall Sewer, Bridge over East London 
Waterworks' Feeder (2 plates) ; Outfall Sewer, 
Reservoir (2 plates) ; Outfall Sewer, Tumbling 
Bay and Outlet ; Outfall Sewer, Penstocks. 
South Side. — Outfall Sewer, Bermondsey Branch 



(2 plates); Outfall Sewer, Reservoir and Outlet 
(4 plates) ; Outfall Sewer, Filth Hoist ; Sections 
of Sewers (North and South SidesX 

Thames Embankment. — Section of RiverWall ; 
Steamboat Pier, Westminster (a plates) | Landing 
Stairs between Charing Cross and Waterloo 
Bridges : York Gate (a plates) : Overflow and 
Outlet at Savoy Street Sewer (3 plates) : Steam- 
boat Pier, Waterloo Bridge (3 plates) : Junction 
of Sewers, Plans and Sections ; Gullies, Plans, 
and Sections : Rolling Stock ; Granite and Iron 
Forts. 



'* The drawings have a constandy increasing value, and whoever desires to possess clear representa- 
tions of the two great worics carried out by our Metropolitan Board will obtain Mr. Homber's 
volume."— Engineer. 

NUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and copious descriptive Letterpress, Specifications, &c., 
£Z V' half-morocco. 

List of the Plates and Diagrams. 



Abbey Mills Pumping Sution, Main Drainage, 
Metropolis (4 plates) ; Barrow Docks (5 plates) ; 
Manquis Viaduct, Santiago and Valparaiso Rail- 
way (a plates) ; Adam's Locomotive, St. Helen's 
Canal Railway (a plates) ; Cannon Street Sution 
Roof, Charing Cross Railway (3 plates); Road 
Bridge over the River M(^ca (a plates) ; Telegra- 



phic Apparatus for Mesopotamia; ^^duct over 
the River Wye, Midland Railway (3 plates) ; St. 
Germans Viaduct, Cornwall Railway (a plates) ; 
Wrougfat-Iron Cylinder for Diving Bdl ; Millwall 
Docks (6 plates); Milroy's Patent Excavator; 
Metropolitan ■ District Railway (6 plates); Har- 
bours, Ports, and Breakwaters (3 plates). 
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*' We gladly welcome another year's issue of this valuaUe publication from die able pen of Mr. Hum- 
lier. The accuracy and general excellence of this work are well known, while its usefulness in giving 
the measurements and details of some of the latest examples of engineering, as carried out by the most 
emweatmca in the professioii, cannot be too highly prized." — Artiamm. 



ENGINEERING, SURVEYING, ^c. 



Strains, Formulce and Diagrams for Calculation of, 

A HANDY BOOK FOR THE CALCULATION OF STRAINS IN 
GIRDERS AND SIMILAR STRUCTURES, AND THEIR STRENGTH; 
Consisting of Formulae and Corresponding Diagrams, with numerous details for 
Practical Application, &c. By William Humber, A-M. Inst. C.E., &c. Third 
Edition. Crown 8vo, with nearly lOO Woodcuts and 3 Plates, 7^. 6d, doth. 

** The formulx are neatly expressed, and the diagrams good." — Athtnaum. 

"We heartily commend this really handy book to our engineer and architect readers." — English 
Mechanic. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; with Prac- 
tical Remarks on Iron Construction. By F. W. Sheilds, M. Inst. C.E. Second 
Edition, with 5 Plates. Royal 8vo, 5^. cloth. 

" The student cannot find a better little book on this subject than that written by Mr. Sheilds." — 
Ef^[ineer. 

Barlow on the Strength of Materials, enlarged, 

A TREATISE ON THE STRENGTH OF MATERIALS jynh 
Rules for Application in Architecture, the Construction of Suspension ^ndges. 
Railways, &c. By Peter Barlow, F.R.S. A New Edition, revised by his 
Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S.; to which are added. 
Experiments by Hodgkinson, Fairbairn, and Kirkaldy ; and Formulae for 
Calculating Girders, &c. The whole Arranged and Edited by W. Humber, A-M. 
Inst., C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous Woodcuts, i8j. 
cloth. 

** Valuable alike to the student, tyro, and the experienced practitioner, it will always rank in future 
as it has hitherto done, as the standard treatise on that particular subject." — Engineer. 

** A book which no engineer of any kind can aflford to be without." — Colliery Guardian, 
** There is no greater authority than Barlow." — Building News. 

** The book is undoubtedly worthy of the highest commendation, and of an honourable place in the 
library of every engineer." — Mining journal. 

" The best book on the subject which has yet appeared . . . We^ know of no work that so 
completely fulfils its mission ... As a scientific work of the first class, it deserves a foremost place 
on the bookshelves of every civil engineer and practical mechanic." — English Mechanic. 

'* An increased value has been given to this very valuable work by the addition of a large amount of 
information, which cannot prove otherwise than highly useful to those who require to consult it. . . " 
— Mechanic* s Magazine, 

Strength of Cast Iron, etc. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST IRON 
AND OTHER METALS, By Thomas Tredgold, C.E. Fifth Edition. To 
which are added. Experimental Researches on the Strength and other Properties of 
Cast Iron, by E. Hodgkinson, F.R.S. With 9 Engravings and numerous Wood 
cuts. 8vo, I2J. cloth. *»* Hodgkinson's Researches, separate, price dr. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA for 
finding the Discharge of Water from Orifices, Notches, JVeirs, Pipes^ and Rivers, 
With New Formulae, Tables, and General Information on Rain-fall, Catchment- 
Basins, Drainage, Sewerage, Water Supply for Towns and Mill Power. By John 
Neville, Civil Engineer, M.R.I.A. Third Edition, carefully revised, with con- 
siderable Additions. Numerous Illustrations. Crown 8vo, 14^. cloth. 

"Alike valuable to students and engineers in practice; its study will prevent the annoyance of 
avoidable failures, and assist them to select the readiest means of successfully carrying out any given 
work connected with hydraulic engineering." — Mining Journal. 

** For those in quest of hydraulic information, facts and figures, and who wish to know ' concisely, 
without the parade of unnecessary verbiage, the practical results of hydraulic science, we cannot 
recommend a more handy digest." — Building News. 

** It is still, of all English books on the subject, the one nearest to completion . . . From the 
good arrangement of the matter, the clear explanations, and abundance of formulae, the carefully 
calculated tables, and, above all, the thorough acquaintance with both theory and construction, which is 
displayed from first to last, the book will be found to be an acquisition to the student of science, as 
weU as to those who are concerned practically with hydraulics." — Architect. 

** Undoubtedly an exceedingly useful and elaborate compilation." — Iran. 
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Levelling, 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LE YELLING : showing its Application to Purposes of Railway and Civil Engineer- 
ing, in the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frederick W. Simms, F.G.S., M. Inst. C.E. Sixth Edition, with the addition of 
Law's Practical Examples for Setting-out Railway Curves, and Trautwine's Field 
Practice of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts, 
8vo, &f. dd. cloth. *»* Trautwine on Curves, separate, 5j. 

** The text-book on levelling in most of our engineering schools and colleges." — Engineer. 
" The publishers have rendered a substantial service to the profession, especially to the younger 
members, \rj bringing out the present edition of Mr. Simms's useful work." — Engineering. 

*' The book has been accepted as the standard to which every young engineer is advised to have 
ccourse.*'— ^ rckitect. 

Practical Tunnelling, 

PRACTICAL TUNNELLING: Explaining in detail the Setting out of 
the works, Shaft-sinking and Heading-driving, Ranging the Lines and Levelling 
under Ground, Sub- Excavating, Timbering, and the Construction of the Brickwork 
of Tunnels, with the amount of Labour required for, and the Cost of, the various 
portions of the work. By Frederick Walter Simms, M. Inst. C.E., Author of 
**A Treatise on Levelling." Third Edition, Revised and Extended by D. 
Kinnear Clark, M. Inst. C.E. Imp. 8vo, with 21 Folding Plates and numerous 
Wood Engravings, 3af. cloth. 

" Mr. Clark's additional chapters on the Mont Cenis and St Gothard Tunnels contain minute and 
valuable experiences and data relating to the method of excavation by compressed air, the heading 
operations, rock-boring machinery, process of enlargement, ventilation m course of construction by 
compressed air, labour and cost, Sic— Building News. 

**The estimation in which Mr. Simms' book on tunnelling has been held for over thirty years cannot 
be more truly expressed than in the words of the late Professor Rankine : — 'The best source of informa- 
tion on the subject of tunnels is Mr. F. W. Simms' work on Practical Tunnelling." — Architect. 

'* It has been regarded from the first as a text book of the subject . . . Mr. Clark has added 
immensely to the value of the book" — Engineer. 

" The additional chapters by Mr. Clark, containing as they do numerous examples of modem 
practice, bring the book well up to date." — Engineering. 

*' The book is one without which no engineer's library is complete." — Athenaum. 



Steam and the Steam Engine. 

STEAM AND THE STEAM ENGINE, Stationary and Portable, An 
Elementary Treatise on. Being an Extension of Mr. John Sewell's Treatise on 
Steam. By D. Kinnear Clark, C.E., M.I.C.E., Author of " Railway Locomo- 

. tives," &c. Second Edition, Revised. With Illustrations. i2mo, 4J. cloth. 

"Every essential part of the subject is treated of competently, and in a popular style."— /r^M. 

Qae Lighting, 

COMMON SENSE FOR GAS-USERS: A Catechism of Gas-Lighting 

for Householders, Gasfitters, Millowners, Architects, Engineers, &c., &c. By 

Robert Wilson, C.E., Author of "A Treatise on Steam Boilers." Second 

Edition. Crown 8vo, sewed, with Folding Plates and Wood Engravings, 2s. 6d. 

" All gas-users will decidedly benefit both in pocket and comfort, if they will avail themselves of 
Mr. Wilson's counsels." — Engineering. 

Bridge Construction in Masonry, Timber, and Iron. 

EXAMPLES OF BRIDGE AhD VIADUCT CONSTRUCTION 
OF MASONR y, TIMBER, AND IRON; consisting of ^(i Plates from the Contract 
Drawings or Admeasurement of select Works. By W. D. Haskoll, C.E. 
Second Edition, with the addition of 554 Estimates, and the Practice of Setting 
out Works. Illustrated with 6 pages of Diagrams. Imp. 4to, £z \zs. (>d, half 
morocco. 

** A work of the present nature by a man of Mr. HaskoU's experience, must prove invaluable to 
undreds. The tables of estimat es will considerably enhance its value." — Engineering. 

Earthwork. 

EARTHIVORR' TABLES, showing , the Contents in Cubic Yards of 
Embankments, Cuttings, &c., of Heights or Depths up to an average of 80 feet. By 
Joseph Broadbent, C.E., and Francis Campin, C.E^ Cr. 8vo, 5^. cloth. 

** The way; in which accuracy is attained, by a simple division of each cross section into thret 
eJemeats, tivo in which are consunt and one variable, is ingemova."— At Aenatum. 
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Tramways and their Working. 

TRA MWA YS : their CONSTRUCTION and WORKING. Containing 
a Comprehensive History of the System ; an exhaustive Analysis of the Various 
Modes of Traction, including Horse Power, Steam, Heated Water, and Compressed 
Air ; a Description of the varieties of Rolling Stock ; and ample Details of Cost 
and Working Expenses, with Special Reference to the Tramways of the United 
Kingdom. By D. Kinnear Clark, M.Inst. C.E., Author of " Railway Machinery,'* 
&c. 8vo, with numerous Illustrations and Thirteen folding Plates, i8j. cloth. 

" AH interested in tramways must refer to it, as all railway engineers have turned to the author's 
work * Railway Machinery.' " — Engineer. 

" Mr. Clark's book is indispensable for the students of the subject." —Builder. 

"An exhaustive and practical work on tramways, in which the history of this kind of locomotion, and 
a description and cost of the various modes of laying tramways, are to be found. . . . The other parts 
of Mr. Clark's valuable treatise relating to cost and expenditure, and tramway cars, are handled in the 
same thorough mainntT."—Buiiding News. 

"The best form of rails, the best mode of construction, and the best mechanical appliances are so 
fairly indicated in the work under review, that any engineer about to construct a tramway will be enabled 
at once to obtain the practical information which will be of most service to him." — Athenaum. 

" Mr. Clark's thorough acquaintance with the subject, at once theoretical and practical, is shown in 
the exhaustive survey which he gives us of the tramways extension all over the world, and in the full 
information that he is able to supply, not only from an engineering point of view, but in illustration of 
the economical bearing of tramways. ' — Saturday Review. 

" Mr. Clark has secured precise information as to the outlay upon the different kinds of work on 
tramways, and in this respect his volume stands almost unique among professional books. It abounds 
throughout in facts instead of speculations, and is a type of what a book should be which is addressed 
to practical men . ' ' — A re kited. 

Pioneer Engineering. 

PIONEER ENGINEERING, A Treatise on the Engineering Operations 
connected with the Settlement of Waste Lands in New Countries. By Edward 
DoBSON, A-M.l.CE., Author of "The Art of Building," &c. With numerous 
Plates and Wood Engravings. Second Edition, carefully revised, i2mo, 5j. yloth. 

'* A workmanlike production, and one without possession of which no man should start to encounter 
the duties of a pioneer engineer." — Athenceum. 

'* There is much in the book to render it very useful to an engineer proceeding to the colonics." — 
Engineer. 

" Having himself been for many years engaged in ' Pioneer Engineering,' Mr. Dobson is familiar 
with the difficulties which have to be overcome in this class of work, and much of his advice will be 
valuable to young engineers proceeding to our colonies . . . We have a pleasure in commending 
■ his book to those seeing employment in new countries." — Eni^^neering. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE, By T. M. GOODEVE, 
M.A., Barrister-at-Law, Author of ** The Elements of Mechanism," &c. Second 
Edition. With numerous Illustrations. Crown 8vo, 6s. cloth. 

"Professor Goodeve has given us a treatise on the steam engine, which will bear comparison with 
anything written by Huxley or Maxwell, and we can award it no higher praise." — Engineer. 

"Mr. Goodevc's text-book is a work of which every young engineer should possess himself." — 
Mining youmal. 

Steam. 

THE SAFE USE OF STEAM: containing Rules for Unprofessional 

Steam-Users. By an Engineer. 4th- Edition. Sewed, 6d. 

** If steam-users would but learn this little book by heart, boiler explosions would become sensations 
by their nrity.'*— EngiisA Mechanic. 

Iron Bridges, Girders, Roofs, &o. 

A TREATISE ON THE APPLICATION OF IRON TO THE 

CONSTRUCTION OF BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. Second Edition, Revised and Corrected. 

With numerous Diagrams. i2mo, cloth boards, 3^. 

" For numbers of young engineers the book is just the cheap^ handy, first guide they want" — 
Middlesborougk Weekly News. ** Remarkably accurate and well wmtten." — Artisan. 

Construction of Iron Beams, Pillars, &o. 

IRON AND HEAT; exhibiting the Principles concerned in the Con- 
struction of Iron Beams, Pillars, and Bridge Girders, and the Action of Heat in the 
Smelting Furnace. By James Armour, C.E. Woodcuts, i2mo, cloth boards, y. 

"A very useful and thoroughly practical little volume, in every way deserving of circuUtion amongst 
working men." — Mining JoumaL 
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Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. .Imperial 
8vo, &-. cloth. 

Oblique Bridges, 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES, with 13 large Plates. By the late George Watson Buck, M.I.C.E. 
Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E.; and with the 
addition of Description to Diagrams for Facilitating the Construction of Obliqne 
Bridges, by W. H. Barlow, M.I.C.E. Imperial 8vo, 12s. cloth. {Just published, 

"The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, and it would 
be impossible to consult a better." — Engineer. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE MANUFAC- 
TURE AND DISTRIBUTION OF COAL-GAS. Originally wntten by 
Samuel Hughes, C.E. Sixth Edition. Re-written and much Enlarged, by 
William Richards, C.E. With 72 Woodcuts. i2mo, $s. cloth boards. 

\yusi published. 

Waterworks for Cities and Towns. 

WA TER WORKS FOR THE SUP PL Y OF CITIES AND TO WNS. 
With a Description of the Principal Geological Formations of England as influencing 
Supplies of Water. By Samuel Hughes, F.G.S., Civil Engineer. With numerous 
Illustrations. New and Enlarged Edition, i2mo, 4^. dd. cloth boards. 

" The book is one which all interested in water undertakings would do well to study.*' — youmal of 
Gas Lii^hting. 

•* Every one who is debating how his village, town, or city shall be plentifully supplied with pure 
water tthoufd read this book.*' — Newcastle Courant. 

Locomotiue-Engine Driving, 

LOCOMOTIVE-ENGINE DRIVING; a Practical Manual forEngineers 
in charge of Locomotive Engines. By Michael Reynolds, Member of the Society, 
of Engineers, formerly Locomotive Inspector L. B. and S. C. R. Fourth Edition, 
greatly enlarged. Comprising a Key to the Locomotive Engine. With 
Illustrations and Portrait of Author. Crown 8vo,- 4s. 6d. cloth. 

" Mr. Reynolds deserves the title of the engine-driver's friend.** — Railway News. 

" Mr. Reynolds has supplied a want, and has supplied it well. We can confidently recommend the 
book not only to the practical driver, but to every one who takes an interest in the performance of loco- 
motive engines."— T'A^ iE/^'w^^r. 

" Mr. Reynolds has opened a new chapter in the literature of the day. This admirable practical 
treatise, of the practical utility of which we have to speak in terms of warm commendation *'- Athemeunt. 

*' Evidently the work of one who knows his subject thoroughly." — Railway Service Gazette. 

** Were the cautions and rules given in the book to become part of the every-day workmg of our 
engine-drivers, we might have fewer distressing accidents to deplore." — Scotsman. 

Ttie Engineer, Fireman, and Engine- Boy, 

TtlE MODEL LOCOMOTIVE ENGINEER, FIREMAN, AND 
ENGINE-BO Y: comprising a Historical Notice of the Pioneer Locomotive Engines 
and their Inventors, with a project for the establishment of Certificates of Qualifica- 
tion in the Running Service of Railways. By Michael Reynolds, Author of 
** Locomotive-Engine Driving." With numerous Illustrations, and a fine Portrait 
of George Stephenson, ** the Father of Railways." Crown 8vo, 4J. 6d. cloth. 

[Jtist published. 

** From the technical knowledge of the author it will appeal to the railway man of to-day more forcibly 

than anything written by Dr Smiles The volume contains information of a technical kind, . 

and facts that every driver should be familiar vfx^.*^— EngUsk Mechanic. 

"We should be glad to see this book in the possession of every one in the kingdom who has ever 
laid, or is to lay, hands on a locomotive engine." — Iron. 

"The book is replete with information and graphic detail for the railway man who seeks practical 
knowledge.*' — Railway Service Gazette. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. By Michael Reynolds, 
M.S.E., Author of ** Locomotive Engine Driving/* &c. Crown 8vo. [In the press. 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With a History 
of Fire-Engines, their Construction, Use, and Management ; Remarks on Fire- Proof 
Buildings, and the Preservation of Life from Fire ; Statistics of the Fire Appliances 
in English Towns ; Foreign Fire Systems ; Hints on Fire- Brigades, &c. &c. By 
Charles F. T. Young, C.E. With numerous Illustrations, handsomely printed, 
544 pp., demy 8vo, £i 4^. cloth. 

" Mr. Young's book is filled with a vast quantity of detiuled and practical information upon almost 
everything relating to fires, and it is very fully illustrated with wood engravings. The work is not, of 
cour>e. intended especially for mechanical engineers, but it gives, nevertheless, the most complete 
account ever written of the history, introduction, and construction of steam fire engines. To such of our 
readers as are interested in the subject of fires and fire^ apparatus, we can most heartily commend this 
book. It is really the only English work we now have upon the subject." — Engineering. 

" Mr. Young's book on ' Fire Engines and Fire Brigades' contains a mass of information, which has 
been collected from a variety of sources. The subject is so intensely interesting and useful that it 
demands consideration." — Building News. 

"A useful compendium -on all branches of the exciting subject of fire." — Builder, 

'* It displays much evidence of careful research, and Mr. Young has put his facts neatly together. 
It is evident enough that his acquaintance with the practical details of the construction of steam iire 
engines, old and new, and the conditions with which it is necessary they should comply is accurate and 
full." — Engineer. 

"A copy ought to be in the hands of every Fire Insurance agent" — Post Magazine, 



Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A TRIGO- 
NOMETRICAL SURVEY, for the Farmaiion of Geographical and Topographical 
Maps and Flans, Military Reconnaissance, Levelling, <Sr»f., with Useful Problems, 
Formulae, and Tables. By Lieut. -General Frome, R.E. Fourth Edition, Revised 
and partly Re-written by Captain Char le.s Warren, R.E. With 19 Plates and 
115 Woodcuts, royal 8vo, i6s. cloth. 



Contents. — Chap. I. General Outline of the 
System of Carrying on a Trigonometrical Survey. 
— Chap. II. Measurements of a Base Line. — Chap. 
MI. Triaogulation. — Chap. IV Interior Filling- 
in of a Survey, either Entirely or Partially by 
Measurement. — Chap. V. Levelling and Contour- 
ing. — Chap. VI. Levelling by Barometer and 
Thermometric Hypsometer. — Cnap. VII. Plotting, 



Penning-in, Copying, and Engraving Typographi- 
cal Plans.— Chap. VIII. Modelling.— Chap. IX. 
Military Reconnaissance, and Hints on Sketching 
Ground, Colonial Surveying. — Chap. XI. Geo- 
desical Operations connected with a Trigonometri- 
cal Survey. — Chap. XII. Practical Astronomy. — 
Problems, Tables, &c. 



Tables of Curves. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES for 
Setting-out Curves from 5 to 20Q Radius, By Alexander Beazeley, M. Inst. 
C.E. Second Edition. Printed on 48 Cards, and sold in a cloth box, waistcoat- 
pocket size, y. 6d, 

** Each table is printed on a small card, which, being placed on the theodolite, leaves the hands free 
to manipulate the instrun>ent — no small advantage as regards the rapidity of work." — Engineer. 

** Very handy : a man may know that all his day's work must fall on two of these cards, which he puts 
into his own card-case, and leaves th/e rest behind." — Athenaum. 

Engineering Fielduiork. 

THE PRACTICE OF ENGINEERING FIELDWORK, applied ta 
Land and Hydraulic, Hydrographic, and Submarine Surveying and Levelling, 
Second Edition, Revised, with considerable Additions, and a Supplement on Water- 
works, Sewers, Sewage, and Irrigation. By W. Davis Haskoll, C.E. Numerous 
Folding Plates. In One Volume, demy 8vo, £\ ^s. cloth boards. 

Large Tunnel Shafts. 

THE: CONSTRUCTION OF LARGE TUNNEL SHAFTS, A Practi- 
cal and Theoretical Essay, By J. H. Watson Buck, M. Inst. C.E., Resident 
Engineer, London and North- Western Railway. Illustrated with Folding Plates 
royal 8vo, \2s. cloth. [Just publishea, 

'* Many of the methods given are of extreme practical value to the mason, .and the observations on 
the form of arch, the rules for ordering the stone, and the construction of the templates, will be found of 
considerable use. We commend the book to the engineering profession, and to all who have to build 
similar shafts." — Building News. 

" Will be regarded by civil engineers as of the utmost value, and calculated to save much time and 
obviate many mistakes." — Colliery Guardian, 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, Levelling^ 
Setting-out and in RotUe Surveys of Travellers by Land and Sea. With Tables, 
Illustrations, and Records. By Lowis D'A. Jackson, A.M.I.C.E. Author of 
** Hydraulic Manual and Statistics," *' Canal and Culvert Tables," &c. Large crown 
8vo, I2J. 6d^., cloth. \Just published. 
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'Mr. Jackson has produced a valuable vadi-tnecum for the surveyor. We can recommend this book 
as containing an admirable supplement to the teaching of the accorophshed surveyor." — Atkefueunt. 

** A general text-book was wanted, and we are able to speak with confidence of Mr. Jackson's treatise. 
. .^ . We cannot recommend to the student who knows something of the mathematical principles of the 
subject a better course than to fortify his practice in the field under a competent surveyor with a study of 
Mr. Jackson's useful manual. The field records illustrate every kind of survey, and will be found an 
essential aid to the student."— '^m'^zw^ News. 

"As a text-book we should advise all surveyors to place it in their libraries, and study well the 
matured instructions afforded in its pages." — Colliery Guardian, 

** The author brings to his work a fortunate union of theory and practical experience which, aided by 
a clear and ludd style of writing, renders die book both a very useful one and very agreeable to read.*' — 
Builder. 

Sanitary Worli. 

SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES, Comprising: — i. Some of the more Common Forms of Nuisance 
and their Remedies ; 2. Drainage ; 3. Water Supply. A useful book for Members 
of Local Boards and Rural Sanitary Authorities, Health Officers, Engineers, 
Surveyors, Builders, and Contractors. By Charles Slagg, Assoc. Inst. C.E. 
Crown 8vo, 3J. cloth boards. 

"This is a very useful book, and may be safely recommended The author, Mr. Charles 

Slagg, has had practical experience in the works of which he treats. There is a great deal of work re- 
quired to be done in the smaller towns and villages, and this litde volume will help those who are willing 
to ^o\l.'*— Builder. 

Locomotiuea. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Comprising 
an Historical Sketch and Description of the Locomotive Engine. By G. D. Dempsey, 
C.E. With large Additions treating of the Modern Locomotive, by D. Kinnear 
Clark, M. Inst. C.E., Author of ** Tramways, their Construction and Working," 
&c., &c. With numerous Illustrations. i2mo, 3J. 6d, cloth boards. 

" The student cannot fail to profit largely by adopting this as his preliminary text'book." — Iron and 
Coal Trades Review, 

" Seems a model of what an elementary technical book should be. The book will be useful to all 
young engineers." — Academy. 

Fuels and their Economy. 

FUEL, its Combustion and Economy; consisting of an Abridgment of 
** A Treatise on the Combustion of Coal and the Prevention of Smoke," by C. W. 
Williams, A.I .C. E. With extensive Additions on Recent Practice in the Combus- 
tion and Economy of Fuel — Coal, Coke, Wood, Peat, Petroleum, &c, by D. 
Kinnear Clark, M. Inst. C.E. Second Edition, Revised. With numerous 
Illustrations. i2mo, 4f. cloth boards. \yust published, 

" Students should buy the book and read it, as one of the most complete and satisfactory treatises on 
the combustion and economy of fuel to be had." — Engineer, 

*' The book is a valuable one, and will be found of great interest to Gas Engineers and Managers.*' — 
Gas Trade Circular, 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In Two Parts. 
I. The Art of Constructing Common Roads. By Henry Law, C.E. Revised 
and Condensed by D. Kinnear Clark, C.E. — II. Recent Practice in the Con- 
struction of Roads and Streets : Including Pavements of Stone, Wood, and Asphalte. 
By D. Kinnear Clark, M. Inst. C.E. With numerous Illustrations. i2mo, 
5j. cloth boards. 

"A book which every borough surveyor and engineer must possess, and which will be of considerable 
service to ardiitects, builders, and property owners generally." — Building News, 

"To highway andtOMm surveyors this book will have the utmost value, and ascontatniof the largest 
amount of information in the shortest space and at the lowest price, we may predict for ita'wide circuUk- 
I ^oTi,"—youmalo/Gas Lighting. 
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PiM'Booh for Engineers. 

THE ENGINEER 'S, MINING SUE VE YOR 'S, and CONTRA CTOR 'S 
FIELD-BOOK. By W. Davis Haskoll, C. E. Consisting of a Series of Tables, 
with Rules, Explanations of Systems, and use of Theodolite for Traverse Surveying 
and Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing Levels to 
Datum, and Plotting Sections in the ordinary manner ; Setting-out Curves with the 
Theodolite by Tangential Angles and Multiples with Right and Left*hand Readings 
. of the Instrument ; Setting out Curves without Theodolite on the System of Tangen- 
tial Angles by Sets of Tangents and Offsets ; and Earthwork Tables to 80 feet deep, 
calculated for every 6 inches in depth. With numerous Woodcuts. Fourth Edition, 
Enlarged. Crown 8vo, I2J. cloth. 

'" The book is very handy, and the author might have added that the separate tables of sines and tan- 
gents to every minute will make it useful for many other purposes, the genuine traverse tables existing all 
^hesame." — Athetueunt, 

" The work forms a handsome pocket volume, and eannot fail, from its portability and utility, to be 
extensively patronised by the engineering profession." — Minin/j^ J oumal. 

** A very useful work for the practical engineer and surveyor. Every person engaged in engineering 
lield operations will estimate the importance of such a work and the amount of valuable time which will 
be saved by reference to a set of reliable tables prepared with the accuracy and fulness of those given in 
this volume." — Railway Newt. 

Earthwork, Measurement and Calculation of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, C.E. 

With numerous Diagrams. i8mo, 2s. 6d, cloth. 

" As a really handy book for reference, we know of no work equal to it ; and the railway engineers 
and others employed in the measurement and calculation of earthwork will find a great amount of practi- 
cal iAiomuition very admirably arranged, and available for general or rough estimates, as well as for the 
more exact calculations required in the engineer's and contractor's offices. — Artizan. 

Drawing for Engineers, &o. 

THE WORKMAN'S MANUAL OF ENGINEERING DRAWING. 
By John Maxton, Instructor in Engineering Drawing, Royal Naval College, 
Greenwich, formerly R.S.N. A., South Kensington. Third Edition, carefully re- 
vised. With upwards of 300 Plates and Diagrams. i2mo, cloth boards, 4^. 

'A copy of it should be kept for reference in every drawing o^c^.'*— Engineering^, 
'An indispensable book for teachers of engineering dxaivrmg." ^Mechanics' Magazine. 






IVeale's Dictionary of Terms in Architecture, Engineering, Art, &c. 

A DICTIONARY OF TERMS USED IN ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHEO- 
LOGY, THE FINE ARTS, ^c. By John Weale. Fifth Edition, enlarged by 
Robert Hunt, F.R.S., Keeper of Mining Records, Editor of "Ure's Dictionary 
of Arts," &c. i2mo, 6j. cloth. 

** The best small technological dictionary in the language." — Architect. 

** There is no need now to speak of the excellence of this work ; it received the approval of the com- 
munity long ago. Edited now by Mr. Robert Hunt, and published in a cheap, handy form, it will be of 
the utmost service as a book of reference scarcely to be exceeded in value." — Scotsman. 

" The absolute accuracy of a work of this character can only be judged of after extensive consultation, 
and from our examination it appears very correct and very complete." — Mining youmal. 

Weale*s Series of Technical and Educational Worlis, 

WE AIDE'S SERIES OF RUDIMENTARY SCIENTIFIC, EDUCA- 
TIONAL, AND CLASSICAL H^ORKS. 

♦»• These popular and cheap Series of Books, now comprising nearly Three Hundred 
and Fifty distinct works in almost every department of Science, Art, and Education, are 
recommended to the notice of Engineers, Architects, Builders, Artisans, and Students 
generally, as well as to those interested in IVorkmen's Libraries, Free Libraries, Literary 
and- Scientific Institutions, Colleges, Schools, Science Classes, dfc, dx'c. 

N.B. Lists for Distribution amongst Science CUsses, &*c., may be had in any 
reasonable quantity on appliccUum. 
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MINING, METALLURGY, etc.. 
SlaU and Slate Quarrying, 

A TREATISE ON SLATE AND SLATE QUARRYING, Scientific, 

Practical, and Commercial. By D. C. Daviks, F.G.S., Mining Engineer, &c. 

With numerous Illustrations and folding Plates. Second Edition, carefiiily revised. 

l2mo, 3^. 6^. cloth boards. 

Y Mr. Da vies has written a useful and practical handbook on an important industry, with all the 
conditions and details of which he appears familiar." — Engineering. 

" One of the best and best-balanced treatises on a special subiect, having at once scientific, practical, 
and commercial relations, that we have met with." — Engineer. 

['The work is illustrated by actual practice, and is unusually thorough and lucid.'' .... Mr. 
Davies has completed his work with industry and skill." — Builder. 

" A very complete and satisfactory treatise, well worth the attention of the tripartite public to which 
it addresses itself." — Iron. 

Metallurgy of Iron, 

A TREATISE ON THE METALLURGY OF IRON; containing. 
Outlines of the History of Iron Manufacture, Methods of Assay, and Analyses of 
Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H. Bauerman, 
F.G.S., Associate of the Royal School of Mines. With numerous Illustrations. 
Fourth Edition, revised and much enlarged. i2mo, cloth boards, ^s. 

"Carefully written, it has the merit of brevity and conciseness, as.to less important points ; while all < 
material matters are very Cully and thoroughly entered into." — Standard, 

Mining Tools. 

A MANUAL OF MINING TOOLS. For the use of Mine Managers, 
Agents, Mining Students, &c. By William Morgans, Lecturer on Practical. 
Mming at the Bristol School of Mines. Vblume of Text, i^mo, 3j. With an Atlas 
of Plates, containing 235 Illustrations, 4to, 6s. Together, 9^. cloth boards. 

"Students in the Science of Mining, and Overmen, Captains, Managiers, and Viewjsrs may gain 
practical knowledge and useful hints by the study of Mr. Morgans* Manual." — Colliery Guardian. 

*' A* very valuable work, which will tend materially to improve our mining literature." — Mining 
Journal 

Metalliferous Minerals and Mining, 

TREA TISE ON METALLIFEROUS MINERALS AND MINING. 
By D. C. Dawes, F.G.S., Mining Engineer, &c.. Author of ** A Treatise on Slate 
and Slate Quarrying." Illustrated with numerous Wood Engravings. Second 
Edition, carefully revised. Crown 8vo, 12.S. 6d. cloth. \jfu5t published. 

"Without question, the most exhaustive and the most practically useful work we have seen; the 
amount of information ^iven is enormous, and it is given concisely and intelligibly, so that neither the 
practical miner nor the general reader, interested in mines, can have a better booKfor his companion and 
his guide." — Mining Journal. 

" The volume is.one which no student of mineralogy should be without ."^<(0//»ffy Quardian. 

" We are doing our.readers,a service, in calling their attention to this valuable work, ^and in urging 
them to secure a copy." — Mining IVorld. 

" A book that will not only be useful to the geologist, the practical miner, and the metallurgist ; but 
also very interesting to the general >pu4>lic." — Iron. 

'* We had occasion to speak very favourably in these columns some time back of the author's previous 
work. The book before us seems characterised throughout by the same desire to impart accurate jufcrma- 
tion, and the same facility for doing it." — Building Netu/s. 

"The author has gathered together from all available soucces a vast amount of really useful, 
information. As a history ot the present state of mining throughout the world this book has a real value, 
and it supplies an actual want, for no such information has hitherto been brought together within such 
limited space " — Athett^eum, 

Mining Survey ing and Valuing, 

THE MINERAL SURVEYOR AND VALUER:S COMPLETM 
GUIDE ; comprising a Treatise on Improved Mining Surveying, with new Traverse 
Tables, and Descriptions of Improved Instrument^.; also an Exposition of th« 
Correct Principles of Laying-out and Valuing Home and Foreign Ijcon and Coal 
Mineral Properties. By William Lintern,. Mining and Civil Engineer. With 
Four Plates of Diagrams, Plans, &c., i2mo, 4^. cloth. 

" Contains much valuable information given in a small compass, and which, as far as we have tested 
it, is thoroughly trustworthy.'*— /r<»« attd Coal Trades Revieiv. 



« « 



Tht above, bound with Thomai^'s Tab\-^s ^s« ^aLge 20), price 7j. td. cloth. 
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Field-Book for Engineers. 

THE ENGINEER 'S, MINING SUR VE YOR '5, and CONTRA CTOR 'S 
FIELD-BOOK, By W. Davis Haskoll, C. E. Consisting of a Series of Tables, 
with Rules, Explanations of Sjrstems, and use of Theodolite for Traverse Surveying 
and Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing Levels to 
Datum, and Plotting Sections in the ordinary manner ; Setting-out Curves with the 
Theodolite by Tangential Angles and Multiples with Right and Left-hand Readings 
. of the Instrument ; Setting out Curves without Theodolite on the System of Tangen- 
tial Angles by Sets of Tangents and Oflfsets ; and Earthwork Tables to 80 feet deep, 
calculated for every 6 inches in depth. With numerous Woodcuts. Fourth Edition, 
Enlarged. Crown 8vo, izr. cloth. 

'" The book is very handy, and the author might have added that the separate tables of sines and tan- 
gents to every minute will make it useful for many other purposes, the genuine traverse tables existing all 
^he same." — Athefueutn, 

" The work forms a handsome pocket volume, and eannot fail, from its portability and utility, to be 
extensively patronised by the engineering profession." — Mining Journal. 

** A very useful work for the practical engineer and surveyor. Every person engaged in engineering 
field operations will estimate the importance of such a work and the amount of valuable time which win 
\it saved by reference to a set of reliable tables prepared with the accuracy and fulness of those given in 
this volume." — Railway News. 

Earthwork, Measurement and Calculation of. 

A MANUAL ON EARTHWORK, By Alex. J. S. Graham, C.E. 

With numerous Diagrams. i8mo, 2s. 6d. cloth. 

** As a really handy book for reference, we know of no work equal to it : and the railway engineers 
and others employed in the measurement and calculation of earthwork will find a great amount of practi- 
cal iaformation very admirably arranged, and available for general or rough estimates, as well as for the 
more exact calculations required in the engineer's and contractor's offices. — Artizan. 

Drawing for Engineers, &o, 

THE WORKMAN'S MANUAL OF ENGINEERING DRAWING, 
By John Maxton, Instructor in Engineering Drawing, Royal Naval College, 
Greenwich, formerly R.S.N. A., South Kensington. Third Edition, carefully re- 
vised. With upwards of 300 Plates and Diagrams. i2mo, cloth boards, 4^. 

'A copy of it should be kept for reference in every drawing of^c^.**-^ Engineering^. 
'An indispensable book for teachers of engineering drawing." ^^^cAontW Magazine, 
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Weale's Dictionary of Terms in Architecture, Engineering, Art, &c, 

A DICTIONARY OF TERMS USED IN ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHMO- 
LOGY, THE FINE ARTS, &-€, By John Weale. Fifth Edition, enlarged by 
Robert Hunt, F.R.S., Keeper of Mining Records, Editor of "Ure's Dictionary 
of Arts," &c. i2mo, 6s, cloth. 

** The best small technological dictionary in the language." — Architect. 

'* There is no need now to speak of the excellence of this work ; it received the approval of the com- 
munity long ago. Edited now by Mr. Robert Hunt, and published in a cheap, handy form, it will be of 
the utmost service as a book of reference scarcely to be exceeded in value." — Scotsman, 

** The absolute accuracy of a woric of this character can only be judged of after extensive consultation, 
and from our examination it appears very correct and very complete." — Mining Journal. 

Weale's Series of Technical and Educational Works. 

WE AIDE'S SERIES OF RUDIMENTARY SCIENTIFIC, EDUCA- 
TIONAL, AND CLASSICAL PVORKS. 

*^* These popular and cheap Series of Books, now comprising nearly Three Hundred 
and Fifty distinct works in almost every department of Science, Art, and EduccUton, are 
recommended to the notice of Engineers, Architects, Builaers, Artisans, and Students 
generally, as well as to those interested in Workmen's Libraries, Free Libraries, Literary 
and- Scientific Institutions, Colleges, Schools, Science Classes, dfc, dx'c, 

N,B, Lists for Distribution amongst Science Classes, &*c., may be had in any 
reasonable quantity on appliccUion. 
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Lighthouses. 

EUROPEAN LIGHTHOUSE SYSTEMS; being a Report of a Tour 
of Inspection made in 1873. By Major George H. Elliot, Corps of Engineers, 
U.S.A. Illustrated by 51 Engravings and 31 Woodcuts. 8vo, 2.\s. cloth. 

Surueying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the Prepara- 
tion of Plans for Roads and Railways, Canals, Rivers, Towns' W ater Supplies, 
Docks and Harbours ; with Description and Use of Surveying Instruments. By 
W. Davis Haskoll, C.E. With 14 folding Plates and numerous Woodcuts. 
8vo, 1 2s. 6d. cloth. 

*' A most useful and well-arranged book for the aid of a student." — Builder. 

** Of the utmost practical utility, and may be safely recommended to all students who aspire to 
become clean and expert surveyors." — Mining Journal. 

Storms. 

STORMS J- their Nature^ Classification, and Laws ; with the Means of 
Predicting them by their Embodiments, the Clouds. By William Blasius. With 
Coloured Plates and numerous Wood Engravings. Crown 8vo, lOf. (>d. cloth. 

Rudimentary Navigation. 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Naviga- 
tion. Part I. How to keep the Log and Work it off. Part II. On Finding the 
Latitude and Longitude. By James Greenwood, B.A. To which are added, 
the Deviation and Error of the Compass ; Great Circle Sailing ; the Intemationd 
(Commercial) Code of Signals ; the Rule of the Road at Sea ; Rocket and Mortar 
Apparatus for Saving Life ; the Law of Storms ; and a Brief Dictionary of Sea 
Terms. With numerous Woodcuts and Coloured Plates of Flags. New, thoroughly 
revised and much enlarged edition. By W. H. Rosser, Author of **The Yachts- 
man's Handy- Book for Sea Use," &c i2mo, y, cloth boards. \Just published. 

'** Is perhaps the best and simplest epitome of navigation ever compiled. The method of keepmg 
th« log, and finding the latitude and longitude, is made so intelligible in this Utile volume that any 
person who is familiar with the four rules of arithmetic could readily master all the most necessary 
problems in navi|;ation by studying its pages." — Field. 

** besides being an excellent book for the learner, it contains a quantity of valuable information, and 
is likely to be consulted by all those interested in maritime pursuits. "^-C<7»M/r>'. 

" Full of valuable information to nautical men, written and arranged in a simple and easy way.*' 
— Swansea Daily SfUp^n^ Register, 

Utathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. By 
Henry Law, C.E. Together with a Series of Tables for Navigation and Nautical 
Astronomy, by J. R. Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 4J. cloth boards. \yust published. 

Navigation (Practical), with Tables. 

PRACTICAL NAVIGATION: consisting of the Sailor's Sea-Book, by 
James Greenwood and W. H. Rosser; together with the requisite Mathema- 
tical and Nautical Tables for the Working of the Problems, by Henry Law, 
C.E., and Professor J. R. Young. Illustrated with numerous Wood Engravings 
and Coloured Plates. i2mo, 7^. strongly half bound in leather. {Just publishai. 



The following books on Naval Architecture, etc., are published in Weale's 

Rudimentary Series. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
Robert Kipping, N.A. Fourteenth Edition. i2mo, 2J. 6^. cloth boards. 

SAILS AND SAIL-MAKING. Tenth Edition, Enlarged, with an Appendix. 
By Robert Kipping, N.A. Illustrated. i2mo, 3^. cloth boards. 

NAVAL ARCHITECTURE. By James Peake. Fourth Edition, with 
Plates and Diagrams, 'i^mo, 4^. cloth boards. 

MARINE ENGINES, AND STEAM VESSELS. By Robert Murray, 
C. E. Seventh Edition. Illustrated. i2mo, y. 6d. cloth boards. 
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ARCHITECTURE, BUILDING, etc. 
Qonstruation, 

THE SCIENCE OF BUILDING: An Elementary Treatise on the 
Principles of Construction. By E. Wyndham Tarn, M. A. , Architect. Illustrated 
with 47 Wood Engravings. Demy 8vo, &r. 6^. cloth. 

"A very valuable book, which we strongly recommend to all students.*' — BmUer. 

"No architectural student should be without this hand-book of constructional knowledge.*'— 
Architect, 

Villa Architecture. 

A HANDY BOOK OF VILLA ARCHITECTURE: Being a Series 
of Designs for Villa Residences in various Styles. With Detailed Specifications and 
Estimates. By C. Wickes, Architect, Author of *'The Spires and Towers of 
England," &:c. 31 Plates, 4to, half-morocco, gilt edges, £\ is, 

*^* Also an Enlarged Edition of the above. 61 Plates, with Detailed Specifications, 
Estimates, &c. £2 2j. half-morocco. 

"The whole of the designs bear evidence of their being the work of an artistic architect, and they 
will prove very valuable and suggestive. " — Buiiding News. 

Useful Text'Book for Architects. 

THE ARCHITECT'S GUIDE; Being a Text-book of Useful Infor- 
mation for Architects, Engineers, Surveyors, Contractors, Clerks of Works, &c., 
&C. By Frederick Rogers, Architect, Author of ** Specifications for Practical 
Architecture," &c. With numerous Illustrations. Crown 8vo, 6^. cloth. 

" As a text-book of useful information for architects, engineers, surveyors, &c., it would be hard to 
find a handier or more complete little volume. "—Standard 

*' The book is arranged for easy reference, and altogether we think that a young architect could 
hardly have a better guide-book." — Timber Trades yournal, 

Taylor and Cresy's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME, By the late 
G. L. Taylor, Esq., F.S.A., F.R.I.B.A., and Edward Cresy, Esq. New 
Edition, thoroughly revised, and supplemented by the most recent accessions to the 
Topography and Archaeology of that city. Completed under the editorial care of the 
Rev. Alexander Taylor, M.A. (son of the late G. L, Taylor, Esq ), Fellow of 
Queen's College, Oxford, and Chaplain of Gra/s Inn. This is the only book 
which gives on a large scale, and with the precision of architectural measurement, 
the principal Monuments of Ancient Rome in plan, elevation, and detail. Large 
folio, with 130 Plates, half-bound, £2 2s, • 

*^* Originally published in Two Volumes, folio, SLt£iS iSs, 

Vitruvius' Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS POLLIO. 
Translated by Joseph Gwilt, F. S. A. , F. R. A. S. Numerous Plates. i2mo, cloth 
limp, price 5j. 

The Young Architect's Booh. 

HINTS TO YOUNG ARCHITECTS. By George Wightwick, 
Architect, Author of " The Palace of Architecture,^' &c., &c. New Edition, revised 
and enlarged, by G. HusKissoJ Guillaume, Architect. Numerous Illustrations. 
i2mo, cloth boards, 4^. 

" Will be found an acquisition to pupils, and a copy ought to be considered as necessary a purchase 
as a box of instruments." — Architect. 

** Contains a large amount of information, which young architects will do well to acquire, if they 
wish to succeed in the everyday work of their profession." — English Mechanic. 

" We can confidently recommend it as a safe and sure guide for all students of architecture." — 
Builders* Weekly Reporter 

Drawing for Builders and Students in Architecture. 

PRACTICAL RULES ON DRAWING, for the Operative Builder 
and Young Student in Architecture. By George Pyns. With 14 Plates, 4to, 
*15. td, boards. . 
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The House-Owner's Estimator, 

THE HOUSE-OWNER'S ESTIMATOR; or. What will it Cost to 
Buildy Alter f or Repair ? A Price Book adapted to the Use of Uuprofessional 
People, as well as for the Architectural Surveyor and Builder. By the late James 
D. Simon, A.R.I.B. A. Edited and Revised by Francis T. W. Miller, Surveyor. 
With numerous Illustrations. Second Edition, with the prices carefully corrected to 
the present time. Crown 8vo, cloth, y. td, 

''In two years it vrill repay its cost a hundred times oytx." —Fteid. 

'* A very handy book for those who want to know what a house will cost to build, alter, or repair." 
— En^lisk Mechanic. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-power and 
Stability ; with a Chapter on Lightning- Conductors. By Robert Wilson, C.E., 
Author of "Treatise on Steam Boilers," &c. Crown 8vo, 3^. 6^. cloth. 

** A most valuable book of its kind, full of useful information, definite in statement and thoroughly 
practical in treatment." — The Local Government Chrotticle, 

Ciuil and Ecclesiastical Building. 

A BOOK ON BUILDING, Civil and Ecclesiastical Including CHURCH 
Restoration, with the Theory of Domes and the Great Pyramid, and Dimensions 
of many Churches and other Great Buildings. By Sir Edmund Beckett, Bart., 
LL.D., Q.C., F.R.A.S., Chancellor and Vicar-General of York, Author of "Clocks 
and Watches and Bells," &c. Second Edition, i2mo, 5^. cloth boards. 

"A book which is always amusing and nearly always instructive. Sir £. Beckett will be read for 
the raciness of his style. We are able very cordially to recommend all persons to read it for themselves. 
The style throughout is in the highest degree condensed and epigrammatic." — Times. 

'* We commend the book to the thoughtful consideration of all who are interested in the building art." 
Builder, 

" The young architect will do well to ponder over every page in the book/*— Architect. 

** Will be read with pleasure as well as profit by all who are curious on such topics, as well as by 
those who have a practical concern in them." — Saturdav Review. 

Architecture, Ancient and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. Con- 
sisting of ViTRUVius, translated by Joseph Gwilt, F.S.A., &c., with 23 fine 
Copper Plates ; Grecian Architecture, by the Earl of Aberdeen ; the 
Orders of Architecture, by W. H. Leeds, Esq ; the Styles of Architec- 
ture of various Countries, by T. Talbot Bury ; the Principles of Design in 
Architectore, by E. L. Garbett. In One Volume, half-bound (pp. 1,100), 
copiously Illustrated, 12^*. 

*»* Sold separately in Two Vols., as follows : 

ANCIENT ARCHITECTURE. Containing Gwilt's Vitruvius and 
Aberdeen's Grecian Architecture, dr. half-bound. 

N.B, This is the only Edition of ViTRUVius procurable at a moderate price. 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury ; and Design, by Garbett, 6j. half-bound. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
14^ R I TING: A Practical Manual of. With 9 Coloured Plates of Woods and 
Marbles, and nearly 150 Wood Engravings. By Ellis A. Davidson, Author of 
"Building Construction," &c. Second Edition, carefully revised. i2mo, 6s. cloth 
boards. 

" A mass of information of use to the amateur and of value to the practical man."~-£Mg/£sJk MecAoMic. 
" Besides being well adapted for amateurs and for those who have to superintend painters' woric, it 
is just the kind of book which might be given to an industrious apprentice." — Architect, 

'* Simply invaluable to the youngster entering upon this particular calling, and highly serviceable 
to the man who is practising it." — /furniture Gazette. 
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Every page is replete with facts, the study of which is earnestly recommended to all c<mnected 
ivitb the trades to which the work is aid6res*ed.*'— Builders' Weekly Reporter. 
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Plumbing, 

PLUMBING : A Text- Book to the practice of the Art or Craft of the 
Plumber, With Chapters upon House- Drainage, embodying the latest Improve- 
ments. By W. P. BuCHAN, Sanitary Engineer. Second Edition, revised and 
enlarged, with 3C0 Illustrations. i2mo, 4^. cloth boards. [J ust published. 

" WiU be welcomed as the work of a practical master of his trade." — Public Health. 

"The chapters on house-drainage niay be usefully consulted, not only by plumbers, but also by 
ang^eers and all engaged or interested in house-building."— /fwt. 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICA TIONS; or, Practical Guide to 
the Architect, Engineer, Surveyor, and Builder, in drawing up Specifications and 
Contracts for Works and Constructions. Illustrated by Precedents of Buildings 
actually executed by eminent Architects and Engineers. With numerous Lithograph 
Plates and Woodcuts. By Professor T. L. Donaldson, President of the Royal 
Institute of British Architects, M.I.B.A., &c. New Edition, in One large Vol., 
8vo, with upwards of 1,000 pages of Text, and 33 Plates, cloth, £1 lis. 6d. 

** In this work forty-four specifications of executed works are given, including the specifications for 
parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Royal Exchange, by Mr. 
Tice, M.P. The latter, in particular, is a very complete and remarkable document. It embodies, to 
a great extent, as Mr. Donaldson mentions, ' the bill of quantities, with the description of the works.' 
. . . It is valuable as a record, and more valuable still as a book of precedents. . . . Suffice it 
to say that Donaldson's ' Handbook of Specifications' must be bought by all architects." — Builder. 

Specifications for Practical Architecture, 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : A Guide 
to the Architect, Engineer, Surveyor, and Builder, with an Essay on the Structure 
and Science of Modern Buildings. By Frederick Rogers, Architect. With 
numerous Illustrations, demy 8vo, 15^. cloth (published 2X£i los.). 

*«* A volume of specifications of a practical character being greatly required, and the old standard 
work of Alfred Bartholomew being out of print, the author, on the basis of that work, has produced the 
above. — Extract from Pre/ace. 

Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEASURING and 
VALUING ARTIFICERS' WORKS; containing Directions for taking Dimen- 
sions, Abstracting the same, and bringing the Quantities into Bill, with Tables of 
Constants, and copious Memoranda for the Valuation of Labour and Materials in 
the respective Trades of Bricklayer and Slater, Carpenter and Joiner, Painter and 
Glazier, Paperhanger, &c. With 43 Plates and Woodcuts. Originally edited by 
Edward Dobson, Architect. New Edition, re-written, with Additions on Men- 
suration and Construction, and useful Tables for facilitating Calculations and 
Measurements, by E. Wyndkam Tarn, M.A. 8vo, ioj. dd, cloth. 

"We have failed to discover anything connected Mrith the building trade, from excavating foundations 
to bell-hanging, that is not fiilly treated upou." — The Artizan. 

" Well fiilfib the promise of its title-page, and we can thoroughly recommend it to the class for 
whose use it has been compiled. Mr. Tam^ additions and revisions have much increased the useful- 
ness of the work, and have especially augmented its value to students.** — Engineering. 

Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING TRADES/ 
Being an Easy Method of Estimating the various parts of a Building collectively, 
more especially applied to Carpenters' and Joiners' work. By A. C. Bkaton, 
Author of " Quantities and Measurements." Second Edition, carefully revised, 
33 Woodcuts, leather, waistcoat-pocket size, is. 6d. 

Builder's and Surveyor's Pocket Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER FOR 
BUILDERS AND SURVEYORS: Containing a Complete Explanation of the 
Terms used in Building Construction, Memoranda for Reference, Technical Direc- 
tions for Measuring Work in all the Building Trades, with a Treatise on the 
Measurement of Timbers, Complete Specifications, &c., &c. By A. C. Beaton. 
Second Edition, with 19 Woodcuts, leather, waistcoat-pocket size, is. td. 
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Lockwood and Co/s Builder's Price Booli, 

THE BUILDER'S AND CONTRACTOR'S PRICE-BOOK, for 
1880, with which are incorporated Atchley's, and the Illustrated Price- Books, with 
portions of the late G. R. Burnell's Builder's Price- Book, containing the latest 
Prices of all kinds of Buildei^s Materials and Labour, and in all Trades connected 
with Building. "With many useful and important Memoranda and Tables ; List of 
the Members of the Metropolitan Board of Works, of Districts, District Officers, 
and District Surveyors, and the Metropolitan Bye-Laws, &c. &c. The whole Re- 
vised and Edited by Francis T. W. Miller, Architect and Surveyor, Editor of 
** The House-Owner's Estimator." i2mo, half-bound, 4r. ; or limp cloth, y. 6d. 

" This useful Price Book appears this year with its usual comprehensiveness and contains very 
minute information and instruction to all artisans employed in building or in the trades connected with it ; 
how to measure all kinds of work, how to describe and order, and what to pay for every kind of material 
from the ridge of the roof to the flooring of the cellar. — Timber Trades Journal. 

" A work which has bsen publbhed for many successive years, and is recognised as an authority on 
all matters connected with builders' materials and labour." — Leeds Mercitry^ 

** So well appreciated a work needs no recommendation, and in saying that this year's issue fully 
maintains its hign reputation, our readers will understand how to value it. The work admits of easy 
reference, and contains ample information on all points connected with the building and contracting busi- 
nesses." — Builders Weekly Reporter. 

CARPENTRY, TIMBER, etc. 
Tredgold*8 Carpentry, New and Cheaper Edition, 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : A Treatise 
on the Pressure and Equilibrium of Timber Framing, the Resistance of Timber, 
and the Construction of Floors, Arches, Bridges, Roofs, Uniting Iron and Stone 
with Timber, &c. To which is added an Essay on the Nature and Properties of 
Timber, &c., with Descriptions of the Kinds of Wood used in Building; also 
numerous Tables of the Scantlings of Timber for different purposes, the Specific 
Gravities of Materials, &c. By Thomas Tredgold, C.E. Edited by Peter 
Barlov^t, F.R. S. Fifth Edition, corrected and enlarged. With 64 Plates (11 of 
which now first appear in this edition), Portrait of the Author, and several Wood- 
cuts. In I vol., 4to, published at £2 2j., reduced to £1 $s. cloth. 

*' Ought to be in every architect's and every builder^s library, and those who do not already possess 
it ought to avail themselves of the new issue." — Builder. 

" A work whose monumental excellence must commend it wherever skilful carpentry is concerned. 
The Author's principles are rather confirmed than impaired by time. The additional plates are of great 
intrinsic value." — Building News. 

Qrandy'8 Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandy. Com- 
prising: — An Analysis of Deal Standards, Home and Foreign, with comparative 
Values and Tabular Arrangements for Fixing Nett Landed Cost on Baltic and 
North American Deals, including all intermediate Expenses, Freight, Insurance, 
&c., &c. ; together with copious Information for the Retailer and Builder. Second 
Edition, carefully revised and corrected. i2mo, 3^. ta, cloth boards. 

" Everything it pretends to be : built up gradually, it leads one from a forest to a treenail, and throws 
in, as a makeweight, a host of material concerning bricks, columns, dstems, &c."—EHglisA Mechanic. 

•* The only difficulty we have is as to what is not in its pages. What we have tested of the contents, 
taken at random, is invariably corx^ci."— Illustrated Builder's Journal. 

Timber Freight Book 

THE TIMBER IMPORTER* S AND SHIPOWNER'S FREIGHT 
BOOK: Being a Comprehensive Series of Tables for the Use of Timber Importers, 
Captains of Ships, Shipbrokers, Builders, and all Dealers in Wood whatsoever. By 
William Richardson, Timber Broker. CroWn 8vo, cloth, 6j. 

Tables for Packing-Case Makers, 

PACKING-CASE TABLES; showing the number of Superficial Feet 
in Boxes or Packing- Cases, from six inches square and upwards. By W. Richard- 
son, Timber Broker. Second Edition. Oblong 4to, cloth, 3/. 6d. 

** Will save much labour and calculation to makers and users o< packing-cases." — Grocer. 
" Invaluable labour-saving xzhXts.*'— Ironmonger. 
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Norton' 8 Measurer. 

THE COMPLETE MEASURER; setting forth the Measurement of 
Boards, Glass, &c., &c. ; Unequal-sided, Square-sided, Octagonal-sided, Round 
Timber and Stone, and Standing Timber. With just allowances for the bark in 
the respective species of trees, and proper deductions for the waste in hewing the 
trees, &c. ; also a Table showing the Solidity of hewn or eight-sided timber, or of 
any octagonal-sided column. By Richard Horton. Third Edition. With 
considerable and valuable Additions. i2mo, 5^. strongly bound in leather. 

Norton's Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDERWOOD AND 
Woodland ; also Uneal^ Superficial, Cubical, Wages, Marketing, and Decimal 
Tables, Together with Tables for Converting Land-measure from one denomina- 
tion to another, and Instructions for Measuring Round Timber. By Richard 
Horton. i2mo, 2.s. strongly bound in leather. 

Nicholson's Carpenter's Guide, 

THE CARPENTER'S NEW GUIDE; or, Book of Lines for Carpen- 
ters ; comprising all the Elementary Principles essential for acquiring a knowledge 
of Carpentry. Founded on the late Peter Nicholson's standard work. A New 
Edition, revised by Arthur Ashpitel, F.S.A.. Together with Practical Rules 
on Drawing, by George Pyne. With 74 Plates, 4to, £^\ u., cloth. 

Dowsing's Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COMPANION; 
containing New and Copious Tables of the Reduced Weight and Measurement of 
Deals and Battens, of all sizes, from One to a Thousand Pieces, and the relative 
Price that each size bears per Lineal Foot to any given Price per Petersburgh Stan- 
dard Hundred ; the Price per Cube Foot of Square Timber to any given Price per 
Load of 50 Feet ; the proportionate Value of Deals and Battens by the Standard, to 
Square Timber by the Load of 50 Feet ; the readiest mode of ascertaining the Price 
of Scantling per Lineal Foot of any size, to any given Figure per Cube Foot. Also 
a variety of other valuable information. By William Dowsing, Timber Merchant. 
Third Edition, Revised and Corrected. Crown 8vo, y. cloth. 

** Everything is as concise and clear as it can possibly be made. There can be no doubt that erery 
timber merchant and builder ought to possess it.*'— Huil Advertiser. 

Practical Timber Merchant 

THE PRACTICAL TIMBER MERCHANT; being a Guide for the use 
of Building Contractors, Surveyors, Builders, &c. , comprising useful Tables for all 
purposes connected with the Timber Trade, Marks of Wood, Essay on the Strength 
of Timber, Remarks on the Growth of Timber, &c. By W. Richardson. Fcap. 
8vo, 3J. 6d. cloth. 

Rise, Progress and Construction of Woodworking Machinery, 

WOODWORKING MACHINERY; its Rise, Progress and Construction, 
With Hints on the Management of Saw Mills and the Economical Conversion of 
Timber. Illustrated with Examples of Recent Designs by leading English, French, 
and American Engineers. By M. Powis Bale, C.E., M.I.M. E. Large crown 8vo, 
I2J. 6d, cloth. [Just published, 

" Mr. Bale is evidently an expert on the subject, and he has collected so much information that his 
book is all-sufficient for builders and others engaged in the conversion of timber." — Architect. 

*' The most comprehensive compendium of wood-working machinery we have seen. The author is a 
thorough master of his subject." — Building News. 

"Converters of timber, wholesale joiners, the members generally of the building trades, architects, 
and owners of and dealers in timber, owe Mr. Bale tribute to the value of the cost of his book. It is 
sound from end to end, well designed and well executed." — Iron. 

" The appearance of this book at the present time, will, we should think, give a considerable impe- 
tus to the onward march of the machinist engaged in the desi«ning and manufacture of wood- working 
machines. It should be in the office of every wood-working factory.'" — English Mechanic. 
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MECHANICS, etc 
Mechanic's Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COMPANION, 

AND SCIENTIFIC GENTLEMAN'S PKACIICAL ASSItlAhT: ccm- 

prising a great variety of the most useful Rules in Mechanical Science ; with 

numerous Tables of Practical Data and Calculated Results. By W. Tempi eton, 

Author of "The Engineer's Practical Assistant." Twelfth Ediiion. With Tables 

for Operative Smiths, Millwrights, Engineers, &c., and Useful and Practical Rules in 

Hydraulics and Hydrodynamics, a variety of Experimental Results, and an extensive 

Table of Powers and Roots. 1 1 Plates. i2mo, ^s. bound. 

" As a text^book of reference, in which mechanical and cimmercial demands are judiciously met, 
'Templeton's Companion' stands unrivalled.*' — Mgchanic's Mot^azine. 
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It has met with great success in the engineering workshop, as we can testify ; and there are a 
' great many men who, in a great measure, owe their rise m life to this little book.' — Building News. 

Engineer's and Machinist s Assistant 

THE ENGINEER'S, MILLWRIGHT'S, AND MACHINIST'S 

PRACTICAL ASSISTANT ; comprising a collection of Useful Tables, Rules, 

and Data. Compiled and Arranged, with Original Matter, by William Templeton. 

Sixth Edition. i8mo, 2.s. 6d. cloth. 

" With the utmost confidence we commend this book to the attention of our readers." — Mechani<'t 
Magazine. 

" A more suitable present to an apprentice to any of the mechanical trades could not possibly be 
made." — Building News. 

Superficial Measurement 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEASURE- 
MENT. Tables calculated from i to 200 inches in length, by i to 108 inches in 
breadth. For the use of Architects, Surveyors, Engineers, Timber Merchants, 
Builders, &c. By James Hawkings. Fcap., 3J. 6^. cloth. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM-ENGINE; an Exposition 0/ its 

Comparative Merits, and an Essay towards an Improved System of Construction. 

By Dr. Ernst Alban. Translated from the German, with Notes, by Dr. Pole, 

M. Inst. C.E. &c. With 28 Plates. 8vo, \6s. td. cloth. 

" Goes thoroughly into the examination of the high-pressure engine the boiler, and its appendages, 
and deserves a place in every scientific library." — Steam Skipping Chronicle, 

Steam Boileis, 

A TREATISE ON STEAM BOILERS; their Strength, Construc- 
tion, and Economical IVorking. By Robert Wilson, C.E., late Inspector, Man- 
chester Steam Users' Association. Fifth Edition. i2mo, dr. cloth 
" The best treatise that has ever been published on steam boilers."— ^w^zM^rr. 

" The author shows himself perfect master of his subject, and we heartily recommend all employing 
steam power to possess themselves of the work." ^Ji^tand*s Iron Trade Circular, 

Power in Motion. 

POWER IN MOTION: Horse Power Motion, Toothed Wheel Gearing, 

f ong and Short Driving Bands ^ Angular forces, ^c. By James ArmoUR, C. E. 

With 73 Diagrams. i2mo, cloth boards, y, 

** The value of the theoretic and practical knowledge imparted cannot well be over-estimated.*' — 
Newcastle Weekly Chronicle. 

Meotianics. 

• THE HANDBOOK OF MECHANICS, By DiONVSiUS Lardner, 

D.C.L., formerly Professor of Natural Philosophy and Astronomy in University 

College, London. New Edition, Edited and considerably Enlarged, by Benjamin 

Loewy, F.R. A.S., &c. &c. With 378 Illustrations, post 8vo, 6j. cloth. 

" The explanations throughout are studiously popular, and care has been taken to show the application 
of iht. various branches of physics to the industrial arts, and to the practical business of Ufe." — Mining 
y^urna/. 
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MATHEMATICS, TABLES, etc. 
Gregory's Practical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN; being a Common-place 
Book of Pure and Mixed Mathematics. Designed chiefly for the Use of Civil 
Engineers, Architects, and Surveyors. Part I. Pure Mathematics— comprising 
Arithmetic, Algebra, Geometry, Mensuration, Trigonometry, Conic Sections, 
Proj)erties of Curves. Part II. Mixed Mathematics — comprising Mechanics in 
general, Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, Mechanical 
Agents, Strength of Materials. With an Appendix of copious Logarithmic and 
other Tables. By Olinthus Gregory, LL.D., F.R. A.S., Enlarged by Henry 
Law, C.E. 4th Edition, carefully revised by J. R. Young, formerly Professoj of 
Mathematics, Belfast College. With 13 Plates, 8vo, £1 is. cloth. 

" The engineer or architect will here find ready to his hand rules for solving nearly every mathematical 
difficulty that may arise in his practice. The rules are in all cases explained by means of examples, in 
which every step of the process is clearly worked out." — Builder. 

*' One of the most serviceable books for practical mechanics. . . . Professor Young has modernised 
die notation throughout, introduced a few paragraphs here and there, and corrected the numerous typo- 
graphical errors which have escaped the eyes of the former Editor. The book is now as complete as it 
IS possible to make it. It is an instructive book for the student, and a Text-book for him who, having 
once mastered the subjects it treats of, needs occasionally to refresh his memory upon them." — Building 
News. 

"As a standard work on mathematics it has not been excelled." — Artizan, 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British Standard 
Measures and Weights are compared with those of the Metric System at present in 
Use on the Continent. By C. H. Dowling, C.E. Second Edition, Revised and 
Enlarged, 8vo, los. 6d. strongly bound. 

"Their accuracy has been certified by Professor Airy, the Astronomer-Royal."— 5«//(rf'^r. 

" Mr. Dowling's Tables, which are well put together, come just in time as a ready reckoner for the 
conversion of one system into the other." — AthtnauTH. 

Inwood's Tables, greatly enlarged and improved, 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold^ or Leasehold ; Annuities, Advowsons, &c., and for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other corporate bodies, for 
Terms of Years certain, and for L.ves ; also for Valuing Reversionary Estates, De- 
ferred Annuities, Next Presentations, &c., together with Smart's Five Tables of 
Compound Interest, and an Extension of the same to Lower and Intermediate 
Rates. By W. Inwood. 21st Edition, with considerable Additigns, and new and 
valuable Tables of Logarithms for the more Difficult Computations of the Interest 
of Money, Discount, Annuities, &c., by M. Fedor Thoman, of the SocieteCr^it 
Mobilier of Paris. i2mo, 8.r. cloth. 

"Those interested in the purchase and sale of estates, and in the adjustment of compensation cases, 
as well as in transactions in annuities, life insurances, &c., will find the present edition of eminent 
service." — Efigineerin^. 

" ' Inwood's Tables * still maintain a most enviable reputation. The new issue has been enriched by 
large additional contributions by M. F^dor Thoman, whose carefully arranged Tables cannot fail to be 
of the utmost utility." — Mining youmal. 

Geometry for the Architect, Engineer, &c. 

PRACTICAL GEOMETRYJor the Architect, Engineer, and Mechanic ; 
giving Rules for the Delineation and Application of vai-ious Geometrical Lines, 
Figures, and Curves. By E. W. Tarn, M.A., Architect, Author of "The Science 
of Building," &c. With 164 Illustrations, demy 8vo, I2j. dd, cloth. 

** No book with the same objects in view has ever been published in which the clearness of the rules 
bud down and the illustrative diagrams have been so satisfactory." — Scotsman. 

Mathematical Instruments, their Construction, &c. 

MATHEMATICAL INSTRUMENTS : Their Construction, Adjust- 
ment. Testing, and Use ; Comprising Drawing, Measuring, Optical, Surveying, and 
Astronomical Instruments. By J. F. Heather, M.A., Author of ** Descriptive 
Geometry," &c. Enlarged Edition, for the most part entirely re-written. With 
numerous Woodcuts. i2mo, 5^. cloth boards. 
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Compound Interest and Annuities, 

THEORY OF COMPOUND INTEREST AND ANNUITIES j 
with Tables of Logarithms for the more Difficult Computations of Interest, Dis- 
count, Annuities, &c., in all their Applications and Uses for Mercantile and State 
Purposes. With an elaborate Introduction. By Fedor Thoman, of the Soci^te 
Crwiit Mobilier, Paris. Third Eklition, carefully Revised and Corrected, i2mo, 
cloth, 4r. 6d, 

" A very powerful work, and the author has a very remarkable command of his subject." — Professor 
A. de Morgan. 

" We recommend it to the notice of actuaries and accountants." — Atheneeum. 

Iron and Metal Trades* Calculator. 

THE IRON AND METAL TRADES' COMPANION: Being a 
Calculator containing a Series of Tables upon a New and Comprehensive Plan for 
expeditiously ascertaining the Value of any Goods bought or sold by Weight, from is, 
per cwt. to II2J. percwt., and from one farthing per pound to one shilling per pound. 
Each Table extends from one pound to lOO tons ; to which are appended Rules on 
Decimals, Square and Cube Hoot, Mensuration of Superficies and Solids, &c. ; 
also Tables of Weights of Materials, and other Useful Memoranda. By Thomas 
DowNiE. Strongly bound in leather, 396 pp., 9^. 

" A most useful set of tables, and will supply a want, for nothing like them before existed." — Building 
News. 

" Will save the possessor the trouble of making numerous intricate calculation*;. Although specially 
adapted to the iron and metal trades, the taMes contained in this handy little companion will be found 
useful in every other business in which merchandise is bought and sold by vr tight, "—Railway Nevus, 

Iron and Steel. 

" IRON AND STEEL " .• A Work for the Forge, Foundry, Factory, and 
Office. Containing ready, useful, and trustworthy Information for Ironmasters 
and their Stock-takers ; Managers of Bar, Rail, Plate, and Sheet Rolling Mills ; 
Iron and Metal Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
and Consulting Engineers ; Architects, Contractors, Builders, and Professional 
Draughtsmen. By Charles Hoare, Author of "The Slide Rule," &c. Eighth 
Edition, Revised throughout and considerably enlarged. With folding Scales of 
** Foreign Measures compared with the English Foot," and ** Fixed Scales of 
Squares, Cubes, and Roots, Areas, Decimal Equivalents, &c." Oblong 32mo, 
leather, elastic-band, 6s. 

" For comprehensiveness the book has not its equal." — Iron. 
One of the best of the pocket books, and a useful companion in other branches of work than iron 
and steel." — English Mechanic. 

" We cordially recommend this book to those engaged in considering the details of all kinds of iron 
and steel works." — Naval Science. 

Comprehenslue Weight Calculator. 

THE WEIGHT CALCULATOR; Being a Series of Tables upon a 
New and Comprehensive Plan, exhibiting at one Reference the exact Value of any 
Weight from I lb. to 15 tons, at 300 Progressive Rates, from id. to 168^. per cwt, 
and containing 186,000 Direct Answers, which, with their Combinations, consisting 
of a single addition (mostly to be performed at sight), will affi)rd an aggregate of 
10,266,000 Answers ; the whole being calculated and designed to ensure correct- 
ness and promote despatch. By Henry Harden, Accountant, Sheffield, Author 
of '* The Discount Guide." An entirely New Bxlition, carefully revised. Royal 
8vo, strongly half- bound, ;f I 5^. \Just published. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE: Comprising several Series of Tables for 
the use of Merchants, Manufacturers, Ironmongers, and others, by which may be 
ascertained the exact Profit arising from any mode of using Discounts, either in the 
Purchase or Sale of Goods, and the method of either Altering a Rate of Discount, 
or Advancing a Price, so as to produce, by one operation, a sum that will realise any 
required profit after allowing one or more Discounts : to which are added Tables of 
Profit or Advance from i^ to 90 per cent.. Tables of Discount from ij to QSf per 
cent., and Tables of Commission, &c., from J to 10 per cent. By Henry Harben, 
Accountant, Author of ** The Weight Calculator." New Edition, carefully Revised 
and Corrected. Demy 8vo (544 pp.), half-bound, ;f I 5^. 
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D^ntiBtm. SCIENCB AND ART. 

MECHANICAL DENTISTRY: A Practical Treatise on the Construc- 
tion of the various kinds of Artificial Dentures, ComprisiDg also Useful Formulae, 
Tables and Receipts for Gold Plate, Clasps, Solders, &c., &c. By Charles 
Hunter. With numerous Wood Engravings. Crown 8vo, ^s. 6d, cloth. 

** The work is very practical."— ilfo«M/y Rrview of Dental Surgery. 

" An authoritative treatise We can strongly recommend Mr. Hunter's treatise to all 

students preparing for the profession of dentistry, as well as to every mechanical dentist." — Duilin 
Journal of Medical Science. 

'* A work in a concise form that few could read without gaining information from.*'— British youmal 
of Dental Science. 
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'The author's style is clear, and he has evidently a workmanlike acquaintance with the tools he 
describes." — Chemist and Druggist. 

" The best book on the subject with which we are acquainted." — Medical Press and Circular. 



Brewing. 



A HANDBOOK FOR YOUNG BREWERS. By Herbert Edwards 
Wright, B.A. Crown 8vo, ^j. td. cloth. 
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This little volume, containing such a large amount of good sense in so small a compass, ought to 
recommend itself to every brewery pupil, and many who have passed that stage." — Brewers* Guardian 

"The book is very clearly written, and the author has successfully brought his scientific knowledge 
to bear upon the various processes and details of brewing. To the young student of brewing, the reading 
of such a book as this is calculated to do good, for it will lead him to inquire not only what is to be done, 
but why it should be done. We would particularly recommend all teachers of the art to place a copy of 
it in every pupil's hands at the commencement of his studies." — Brewer. 

"This treatise gives in plain language a scientific outUne of the art of brewing, combined with an 
amount of practical information which renders it a valuable helpmate to those who are umdergoing an 
education in the brewery."— British Trade Journal. 

Gold and Gold- Working. 

THE PRACTICAL GOLD-WORKER; or, The Goldsmith's and Jew- 
eller'.s Instructor. The Art of Alloying, Melting, Reducing, Colouring, Collecting 
and Refining. The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold, with a New System of Mixing its Alloys ; Solders, 
Enamels, and other useful Rules and Recipes, &c. By George E. Gee. Crown 
8vo, Ts. 6d. cloth. 

"A good, sound, technical educator, and will be generally accepted as an authority. It gives full 
particulars for mixing alloys and enamels, is essentially a book for the workshop, and exactly mlfils the 
purpose intended." — Horological Journal. 

"The best work yet printed on its subject for a reasonable price. We have no doubt that it will 
speedily become a standard book which few will care to be without." — Jeweller and Metalworker. 

"A complete instructor for the goldsmith and jeweller Mr. Gee has decidedly achieved 

a marked success by the publication of two books, which are encyclopxdic in their character, and must 
c >ntinue to be standard authorities on all the subjects they treat of. We consider that die trade owes not 
a little to Mr. Gee, who has in two volumes compressed almost the whole of its literature, and we doubt 
not that many a young beginner will owe a part of his future success to a diligent study of the pages which 
are peculiarly well adapted to his use." — Clerkenwell Press. 

" It is essentially a practical manual, intended primarily for the use of working jewellers, but is well 
adapted to the wants of amateurs and apprentices, containing, as it does, trustworthy information that only 
a practical man can supply." — English Mechanic. 

Silver and Siluer-Working. 

THE SILVERSMITH'S HANDBOOK; containing full Instructions 
for the Alloying and Working of Silver, including the different modes of Refining 
and Melting the Metal, its Solders, the Preparation of Imitation Alloys, methods of 
Manipulation, Prevention of Waste, Instructions for Improving and Finishing the sur- 
face of the work, together with other useful Information and Memoranda By 
George E. Gee, Jeweller, &c. Crown 8vo, with numerous Illustrations, 71. td. 
cloth. I 

" This work is destined to take up as good a position in technical literature as the Practical Gold- 
worker ^ a book which has passed through the ordeal of critical examination and business tests with great 
success." — Jeweller and Metalworker. 

" The chief merit of the work is its practical character . . . The workers in the trade will speedily ' 
discover its merits when they sit down to study it'' — English Mechanic. • 

" This work forms a valuable sequel to the author's Practiced Goldvoorker, and supplies a want long { 
felt in the silver trade." — Silversmith* s Trade Journal. 

" As a guide to workmen and apprentices it will prove a good technical educator, while manufac- > 
turers and dealers may learn much from its pages." — Gla^ow Herald. 
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Eleotrotyping, Ac. 

ELECTROPLA TING : A Practical Handbook, including the Practice of 
Electrotyping. By J. W. Urquhart, C.E. With numerous Illustrations. 
Crown 8vo, $s. cloth. \Just published, 

"The volume is without a rival in its |>articular sphere, and die lucid st^le in which it is written com- 
mends it to those amateurs and experimental electrotypers who have but slight, if any, knowledge of the 
processes of the art to which they turn their attention."— Z>/«i^ and Work. 

** A large amount of thoroughly practical information." — Teltgraphic youmeU, 

" An excellent practical manual." —EngineeriMg, 

*' The information given appears to be based on direct personal knowledge. Its science is 

sound and the style is always clear." — Athenttum. 

" Any ordinarily intelligent person may become an adept in electro deposition with a very little 
science indeed, and this is the book to shuw him or her the -way.**— Builder. 

Electric Lighting, 

ELECTRIC LIGHT: Its Production and Use, embodying Plain Directions 
for the Working of Galvanic Batteries, Electric Lamps, and Djmamo-Electric Ma- 
chines. By J. W. Urquhart, C.E., Author of "Electroplating: a Practical 
Handbook. " Edited by F. C. Webb, M. I. C. E. , M. S. T. E. With 94 Illustrations. 
Crown 8vo, *js. 6d. cloth. [Just published, 

" It is the only work at present available, which gives in language intelligible for the most part to 
the ordinary reader, a general but concise history of the means which have been adopted up to the 

present time in producing the electric light As a concise history of a vast deal that has 

already been accomplished, and as a reliable catalogue or list of the appliances at the disposal of those 
desirous of employing this means of illumination, the work will doubtless be accepted as a valuable 
addition to the literature at present available on the subject A chapter on the comparative cost of the 
electric light and gas contains much valuable and interesting information." — Metropolitan. 

** The book contains a general account of the means adopted in producing the electric light, not 
only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric machine in 

several of its forms An important addition to the literature of the electric light. Students of 

the subject should not fail to read it." — Colliery Guardian. 

*'The book before us shows the steady progress which is being made by electricians, who reasonably 
conclude from what has been already accomplished, that their complete triumph is not far distant. The 
author enters into full details of the principal systems of electric illumination that have been recently 
introduced, and gives practical directions to students and amateurs with reference to the working o' 
ealvanic batteries, dynamo-electric machines, electric lamps, and other apparatus, much information 
being added by the editor, a well-known telegraph engineer, on historical, theoretical, and experimental 

points As a popular and practical treatise on the subject, the volume may be thoroughly 

recommended." — Bristol Mercury. 

The Military Sciences. 

AIDE-MEMOIRE TO THE MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the different Services. 
Originally edited by a Committee of the Corps of Royal Engineers. Second 
Edition, most carefully revised by an Officer of the Corps, with many Additions ; 
containing nearly 350 Engravings and many hundred Woodcuts. Three Vols., royal 
8vo, extra cloth boards, and lettered, £^ los, 

** A compendious encyclopaedia of military knowledge, to which we are greatly indebted." — Edtn' 
urgh Review. 

"The most comprehensive work of reference to the military and collateral sciences. ^ Among the list 
of contributors, some seventy-seven in number, will be found names of the highest distinction in the 
services." — Volunteer Service Gazette. 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING, 
By Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, 12s. 
complete. 

" This work has been recommended by the Commander-in-Chief for the use of candidates for commis- 
sions in the army." 

Dye- Wares and Colours, 

THE MANUAL OF COLOURS AND DYE-WARES : Their Pro- 

perties. Applications, Valuation, Impurities, and Sophistications. For the use of 

Dyers, Printers, Drysalters, &c. By J. W. Slater. Post 8vo, *js. 6d, cloth. 

** A complete encyclopaedia of the materia Hnctoria, The information given respecting each article 
is full and precise, and the methods of determining die value of articles such as these, so liable to sophia- 
tication, are given with clearness, and are practical as weU as valuable."— CA^mtr/ and DruggtMt. 








The Alkali Trade, Manufacture of Sulphuric Acid, Ac. 

A MANUAL OF TWii^^ZA'^Z/ T-^^Z^i?, including the Manufacture 
of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. By John Lomas, 
Alkali Manufacturer, Newcastle-upon-T]me and London. With 232 Illustrations 
and Working Drawings, and containing 386 pages of Text. Super-royal 8vo, 
£2 I2s 6d. cloth. [Just published. 

This work provides (i) a Complete Handbook for intending Alkali and Sulphuric Acid 
Manufacturers, and for those already in the field who desire to improve thetr plants or to 
become practically acquainted with the latest processes and developments of the Trade ; (3) a 
Handy Volume which tXfanufacturers can put into the hands of their Managers and Foremen 
as a useful guide in their daily rounds of duty. 

Synopsis of Contents. 



tals— XI. Refined Alkali— XII. Caustic Soda— 
XIII. Bi-carbonate of Soda — XIV. Bleaching 
Powder— XV, Utilisation of Tank Waste— XVf. 
General Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Anemometers, 
and Foreign Legislation upon the Noxious 
Vapours Question. 



Chap. I. Choice of Site and General Plan of 
Works— II. Sulphuric Acid— III. Recovery of 
the Nitrogen Compounds, and Treatment of Small 
Pyrites— IV. The Salt Cake Process— V. Legisla- 
tion upon the Noxious Vapours Question — VI. The 
Hargreaves' and Jones' Processes— VII. The Bali- 
mg Process— VII I. Lixiviation and Salting Down 
—IX. Carbonating or Finishing. X. Soda Crys- 

*'This book is written by a manufacturer for manufacturers. An experience of fifteen irears as an 
alkali manufacturer, during which tims, the author informs us, he has had in an exceptional degree oppor- 
tunities for acquirins; the most exact knowledge of the subject on which he writes, has enabled him to 
describe the best forms of apparatus employed, and the best methods of practice in large works. The 
alkali trade is an example of the practical application of chemical science on a large scale to the produc- 
tion of an article for which there is an extensive demand. The planning of alkali works, the arrangement 
of all the details, and the construction of the various forms of furnaces required are matters of the utmost 
importance, involving the momentous questions of profit or loss to the manufacturer. Mr. Lomas com- 
mences his book with valuable remarks on the choice of a site and the general arrangement of works. 
The«e bear the evidence of so much thought, and show so thoroughlythe advantages of a long experience, 
constantly improved by the penetrating observations of a cultivated mind, that they may be safely recom- 
mended as trustworthy guides. The same may be said of the other portions of the volume dealing with 
the several processes introduced, and adopted, after long trial, as the most economical methods by which 
a native product, salt, can be converted into the common " soda " of commerce. Mr. Lomas has avoided 
almost all historical statements, and has omitted such purely chemical details as belong more especially 
to the numerous patents and processes which have been from time to time introduced, and abandoned, 
after considerable trial, in favour of the methods that are now actually employed. The working details 
of the most approved forms of apparatus are given, and these are accompanied by no less than 333 wood 
engravings, all of which may be used for the purposes of construction. Every step in the manufacture 
is very fully described in this manual, and each improvement explained. Into these we cannot enter. 
Such misconceptions as still linger and retard the satisfactory application of scientific discoveries to the 
alkali trade are closely examined, and everything which tends to introduce economy into the technical 
details of this trade receives the fullest attention. The author deserves praise for the conscientious labour 
which he has bestowed upon his work. The book has been produced by the publishers with great com- 
pleteness."— ^4 thnueum. 
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The author is not one of those clever compilers who, on short notice, will * read up ' any conceivable 
subject, but a practical man in the best sense of the woni. We find here not merely a sound and lumi- 
nous explanation of the chemical principles of the trade, but a notice of numerous matters which have a 
most important bearing on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. All needless details of an historical or of a purely 
theoretical character, have been judiciously omitted, so that the more space could be devoted to the best 
and most improved methods of working. The treatise is provided with 232 well-executed illustrations 
and working drawings. . . . This most valuable book, which we trust will be generally appreciated, 
we must pronounce a credit alike to its author, and to the enterprising firm who have undertaken its 
publication."— C^M/ra/ Review. 



Commercial Chemical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANALYSIS; 
or. Practical Instructions for the determination of the Intrinsic or Commercial Value 
of Substances used in Manufactures, in Trades, and in the Arts. By A. Normandy, 
Author of " Practical Introduction to Rose's Chemistry,** and Editor of Rose's 
** Treatise on Chemical Analysis." New Edition, Enlarged, and to a great extent 
re-written, by Henry M. Noad, Ph.D., F.R.S. With numerous Illustrations. 
Crown 8vo, \2s. 6d. cloth. 

"We recommend this book to the careful perusal of everyone ; it may be truly affirmed to t>e of 
universal interest, and we strongly recomm'tnd it to our readers as a guide, alike indispensable t > the 
housewife as to the pharmaceutical practitioner." — Medical Times, 

" Essential to the analysts appointed under th« new Act. The most recent results are given, and the 
work is well edited and carefully written." — Nature, 
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DR. LARDNER'8 MUSEUM OF SCIENCE AND ART. 

THE MUSEUM OF SCIENCE AND ART. Edited by Dionysius 
Lardner, D.C.L., formerly Professor of Natural Philosophy and Astronomy in 
University College, London. With upwards of 1,200 Engravings on Wood. In 6 
Double Volumes. £1 u., in a new and elegant cloth binding; or handsomely 
bound in half morocco, 31^. 6d, 

Contents : 



The Planets: Are they Inhabited Worlds 7— 
Weather Prognostics — Popular Fallacies in Ques- 
tions of Physical Science— Latitudes and Longi- 
tU'les — Lunar Influences — Meteoric Stones and 
Shooting Stars — Railway Accidents — Light — Com- 
mon Things : Air — Locomotion in the United 
States — Cometary Influences — Common Thinf^s ; 
Water — The Potter's Art — Common Things : Fu-e 
— Locomotion and Transport, their Influence and 
Progress — The Moon — Common Things: The 
Earth— The Electric Telegraph— Terrestrial Heat 
— The Sun — Earthquakes and Volcanoes — Baro- 
meter, Safety Lamp, and Whitworth's Microme- 
tric Apparatus — Steam — The Steam Engine — The 
Eye— The Atmosphere — Time — Common Thines : 
Pumps — Common Things : Spectacles, the Ka- 
leidoscope — Clocks and Watches — Microscopic 
Drawing and Engraving — Locomotive — Thermo- 



meter — New Planets : Leverrier and Adams*s 
Planet — Magnitude and Minuteness — Common 
Things : The Almanack — Optical Images — How 
to observe the Heavens — Common Things: The 
Looking-glass — Stellar Universe— The Tides — 
Colour — Common Things : Man — Magnifying 
Glasses - Instinct and Intelligence — The Solar 
Microscope — The (-amera Lucida — The Magic 
Lantern — The Camera Obscura — The Microscope 
— ^The White Ants : Their Manners and Habits — 
The Surface of the Earth, or First Notions of 
Geography — Science and Poetry — The Bee — 
Steam Navigation — Electro-Motive Power — Thun- 
der, Lightning, and the Aurora Borealis — ^The 
Printing Press — ^The Crust of the Earth — Comets 
— The Stereoscope — The Pre-Adamite Earth — 
Eclipses — Sound . 
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Separate books formed from the above^ suitable for Workmen^ s Libraries^ 

Science Classes, &^c. 



Opinions of the Press. 

" This series, besides affording popular but sound instruction on scientific subjects, with which the 
humblest man in the country ought to be acquainted, also undertakes that teaching of ' Common Things * 
which every well wisher of his kind is anxious to promote. Many thousand copies of this serviceable 
publication have been printed, in the belief and hope that the desire for instruction and improvement 
widely prevails ; and we have no fear that such enlightened faith will meet with disappointment.*' — 
Times. 

" A cheap and interesting publication, alike informing and attractive. The papers combine subjects 
of importance and great scientific knowledge, considerable inductive powers, and a popular style of 
treatment. " — Spectator. 

" The * Miueum of Science and Art ' is the most valuable contribution that has ever been made to 
the Scientific Instruction of every class of society." — Sir David Brbwster, in the North British 
Review. 

*' Whether we consider the liberality and beauty of the illustrations, the charm of the writing, or 
the durable interest of the matter, we must express our belief that there is hardly to be found among the 
new books one that would be welcomed by people of so many ages and classes as a valuable present." — 
Exantiner. 



Common Things Explained. Containing Air, Earth, Fire, Water, Time, Man, 
the Eye, Locomotion, Colour, Clocks and Watches, &c. 233 Illustrations, cloth 
gilt, 5-f- 

The Microscope. Containing Optical Images, Magnifying Glasses, Origin and 
Description of the Microscope, Microscopic Objects, the Solar Microscope, Micro- 
scopic Drawing and Engraving, &c. 147 Illustrations, cloth gilt, 2s. 

Popular Geology. Containing Earthquakes and Volcanoes, the Crust of the 
Earth, &c. 20i Illustrations, cloth gilt, 2s. 6d. 

Popular Physics. Containing Magnitude and Minuteness, the Atmosphere, 
Meteoric Stones, Popular Fallacies, Weather Prognostics, the Thermometer, the 
Barometer, Soimd, &c. 85 Illustrations, cloth gilt, 2s. 6d. 

Steam and its Uses. Including the Steam Engine, the Locomotive, and Steam 
Navigation. 89 Illustrations, cloth gilt, 2s. 

Popular Astronomy. Containing How to observe the Heavens. The Earth, Sun, 
Moon, Planets. Light, Comets, Eclipses, Astronomical Influences, &c. 182 Illus- 
trations, 41. 6d. 

The Bee and White Ants : Their Manners and Habits. With Illustrations of 
Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, 2s. 

The Electric Telegraph Popularized. To render intelligible to all who can 
Read, irrespective of any previous Scientific Acquirements, the various forms of 
Telegraphy in Actdal Operation. 100 Illustrations, cloth gilt, is. (>d. 
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DR. LARDNER'8 HANDBOOKS OF NATURAL PHILOSOPHY. 



* * 



^^ The following five volumes, though each is Complete in itself , and to be purchased 
separately^ form A Complete Course of Natural Philosophy, and are intended 
for the general reader who desires to attain cucurate knowledge of the various departments 
of Physical Science^ without pursuing them according to the more profound methods of 
mathematical investigation. The style is studiously popular. It has been the author's aim 
to supply Manuals such as are reqtured by the Student, the Engineer, the Artisan, and 
the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Benjamin Loewy, F.R.A.S. With 378 Illustrations. Post 8vo, 6s. 
cloth. 

"The perspicuity of the original has been retained, and chapters which had become obsolete, have 
been replaced by others of more modem character. The explanations throughout are studiously popular, 
and care has been taken to show the application of the various branches of physics to the industrial arts, 
and to the practical business of life." — Mining J oumal. 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

New Edition, Revised and Enlarged by Benjamin Loewy, F.R.A.S. With 236 

Illustrations. Post 8vo, 5^-. cloth. 

" For those ' who desire to attain an accurate knowledge of physical science without the profound 
methods of mathematical investigation,' this work is not merely intended, but well adapted."— C^mtVa/ 
News. 

THE HANDBOOK OF HEAT. Edited and almost entirely rewritten 
by Benjamin Loewy, F.R.A.S., &c. 117 Illustrations. Post 8vo, 6j. cloth. 

"The style is always clear and precise, and conveys instruction without leaving any cloudiness or 
lurking doubts behind." — Engineering. 

THE HANDBOOK OF OPTICS. By Dionysius Lardner, D.C.L., 

formerly Professor of Natural Philosophy and Astronomy in University College, 

I/Ondon. New Edition. Edited by T. Olver Harding, B. A. Lond., of University 

College, London. With 298 Illustrations. Small 8vo, 448 pages, 5^., cloth. 

"Written by one of the ablest English scientific writers, beautifully and elaborately illustrated." 
— Mechanic's Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 

ACOUSTICS. By Dr. Lardner. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Small 8vo, 5 j-., cloth. 

''The book could not have been entrusted to anyone better calculated to preserve the terse and 
lucid style of Lardner. while correcting his errors and bringing up his work to the present state of 
scientific knowledge." — Popular Science Review. 

Dr. Lardner*8 Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Companion to 
the "Handbook of Natural Philosophy." By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University College, 
London. Fourth Edition. Revised and Edited by Edwin Dunkin, F.R.A.S., 
Royal Observatory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In One Vol., small 8vo, 550 pages, 9J. €d., cloth. 

*' We can cordially recommend it to all those who desire to possess a complete manual of the science 
and practice of astronomy. . . . It is not very long since a lecturer was explaining some astronomical 
facts to his pupils ; and in order to set the matter clearly before them, he referred to more than one 
large and important volume on the subject, but without a decidedly satisfactory result. One of the 
pupils, however, produced from his pocket a small unpretending work (Dr. Lardner's Handbook" ^ and 
that which a lengthy paragraph in the large work had failed to make clear, was completely elucidated in 
a short pithy sentence in Uie small book." — Astronomical Reporter, 

" Probably no other book contains the same amount of information in so compendious and well- 
arranged a form — certainly none at the price at which this is offered to the public." — Athenaeum. 

" We can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general — but at the same time correct— acquaintance 
With this sublime science." — Quarterly Journal of iicience. 

** One of the most deserved poi>ular books on the subject . . . ^ We would recommend not only 
the student of the elementary principles of the science, but he who aims at mastering the higher and 
mathematical branches of astronomy, not to be without this work beside him." — Practical Magazine. 

Dr. Lardner'8 Handbook of Animal Physios. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. Lardner. 
With 520 Illustrations. New Edition. Small 8vo, 732 pages, ^s. 6d. cloth. 
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Dr. Lardner'8 School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 
328 Illustrations. Sixth Edition. One VoL, 3^. 6d, cloth. 

" A very convenient class-book for junior students in private schools. It is^ intended to convey, in 
clear and precise terms, general notions of all the principal divisions of Physical Science." — British 
Qitarterfy Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. With 
190 Illustrations. Seconi Edition. One Vol., y, 6d. cloth. 

" Clearly written, well arranged, and excellently illustrated."— (Panf^M^x Chronicle, 



Or. Lardner'8 Electric Telegraph. 

THE ELECTRIC TELEGRAPH By Dr. Lardner. New Edition. 
Revised and Re- written by E. B. Bright, F.R.A.S. 140 Illustrations. Small 
8vo, 2s, dd, cloth. 

*' One of the most readable books extant on the Electric Telegraph." — English Mechanic, 

Electricity. 

A MANUAL OF ELECTRICITY; including Galvanism, Magnetism, 
Dia- Magnetism, Electro-Dynamics, Magno-Electricity, and the Electric Telegraph. 
By Henry M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition. With 500 Woodcuts. 
8vo, £1 4s. cloth. 

^ '* The accounts given of electricity and galvanism are not only complete in a scientific sense, but, 
which is a rarer thing, are popular and interesting." — Lancet. 

Text Book of Electricity. 

THE STUDENT'S TEXTBOOK OF ELECTRICITY, By Henry 
M. Noad, Ph.D., F.R.S., F.C.S. New Edition, carefully Revised. With an 
Introduction and Additional Chapters, by W. H. Preece, M. I.C.E., Vice-President 
of the Society of Telegraph Engineers, &c. Illustrated with 470 Illustrations. Crown 
8vo, I2s. 6d. cloth. \yust published. 
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The original plan of this book has been carefully adhered to so as to make it a reflex of the existing 
state of electrical science, adapted for students. . . . Discovery seems to have progressed with marvellous 
strides ; nevertheless it has now apparently ceased, and practical applications have commenced their 
career ; and it is to give a faithful account of these that this fresh edition of Dr. Noad's valuable text- 
book is launched forth." — Extract from Introduction by W. H. Preece, Esq. 

"We can recommend Dr. Noad's book for clear style, great range of subject, a good index, and a 
plethora of woodcuts. Such collections as the present are mdispensable." — Athenaum. 

"An admirable text-book for every student — beginner or advanced— of electricity." — Engineering. 

"A most elaborate compilation of the facts of electricity and magnetism." — Popular Science Renew. 

" May be recommended to students as one of the best text-books on the subject that they can have, 
as much on account of its general accuracy as on that of its completeness. . . . Mr. Preece appears 
to have introduced all the newest inventions in the shape of telegraphic, telephonic, and electric-lighting 
apparatus." English Mechanic. 

* * Dr. Noad's text-book has earned for itself the reputation of a .trulv scientific manual for the 
student of electricity, and we gladly hail this new amended edition, which brings it once more to the 
front. Mr. Preece as reviser, with the assistance of Mr. H. R. Kempe and Mr. J. P. Edwards, has added 
all the practical results of recent invention and research to the admirable theoretical expositions of the 
author, so that the book is about as complete and advanced as it is possible for any book to be, within 
the limits of a text-book." - Telegraphic JoHmal. 

** The work contains everything that the student can require, it is well illustrated, clearly written, 
and possesses a good index." — Academy. 

" One of the best and most useful compendiums of any branch of science in our literature." — Iron, 

** Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of electricity has grown into 
an admirable handbook." — W'esiminster Review, 

Geo'ogy and Genesis. 

THE TWIN RECORDS OF CREATION-, or. Geology and Genesis, 
their P<frfect Harmony and Wonderful Concord. By GEORGE W. VICTOR LB Vaux. 
Numerous Illustrations. Fcap. 8vo, 5^. cloth. 

" A valuable contribution to the evidences of revelation, and disposes very conclusiveljr of the argu- 
ments of those who would set God's Works against God's Word. No real difficulty is shirked, and no 
/ sophistry is left unexposed." — The Roch. 
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Science and Scripture. 

SCIENCE ELUCIDATIVE OE SCRIPTURE, AND NOT AN- 
TAGONISTIC TO IT: Being a Series of Essays on— i. AUeged Discrepancies ; 
2. The Theory of the Geologists and Figure of the Earth ; 3. The Mosaic Cos- 
mogony ; 4, Miracles in General— Views of Hume and Powell ; 5. The Miracle of 
Joshua— Views of Dr. Colenso : The Supematurally Impossible ; 6. The Age of 
the Fixed Stars — their Distances and Masses. By J. R. Young, formerly Professor 
of Mathematics, Belfast College. Fcap. 8vo, price 5j. cloth lettered. 

I' Prof. Young's examination of the early verses of Genesis is excellent." — English Churchman, 
' Oistineuished by the true spirit of scientific enquiry, by great knowledge, by keen logical ability, 
and by a style peculiarly clear, easy, and cD!trgttiC*''^Noncon/ormist, 

Geology. 

A CLASS-BOOK OF GEOLOGY, Consisting of " Physical Geology," 
which sets forth the Leading Principles of the Science ; and ** Historical Geology," 
which treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By Ralph 
Tate. With more than 250 Illustrations. Fcap. 8vo, 5^. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY, By Rev. John 
Carr, M.A., late Fellow of Trin. Coll., Cambridge. i8mo, ^s, cloth. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by Ralph 
Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts. Third Edition. 
Crown 8vo, yj. 6d, cloth. 

Clocks, Watches, and Bells. 

RUDIMENTARY TREATISE ON CLOCKS AND WATCHES, 

AND BELLS, By Sir Edmund Beckett, Bart, (late E. B. Denison), LL.D., 

Q.C., F.R.A.S., Author of "Astronomy without Mathematics,'* &c. Sixth 

Edition, thoroughly Revised and Enlarged, with numerous Illustrations. Limp 

cloth (No. 67, Weale's Series), 4J". 6d, ; cloth boards, 5^. 6d. 

** As a popular and practical treatise it is unapproached." — English Mechanic. 

*'The best work on the subject probably extant. The treatise on bells is undoubtedly the best in 
the lanu^uage." — Engineering. 

"The only modem treatise on clock-making." — Horological loumal. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative PainHng and 

the Arts. By George Field. New Edition, Enlarged by Ellis A. Davidson. 

With New Coloured Diagrams and Engravings, l2mo, 3J. dd. cloth boards. 

"The book is a most useful resutni of the properties of pigments." — Builder. 

"One of the most useful of students' books, and probably the best known of the few we have on the 
subject,** — A rchitect. 

Pictures and Painters. 

THE PICTURE A MA TEUR 'S HANDBOOK A ND DICTIONARY 
OF PAINTERS: being a Guide for Visitors to Public and Private Picture 
Galleries, and for Art- Students, including an Explanation of the various Methods of 
Painting ; Instructions for Cleaning, Re-Lining, and Restoring Oil Paintings ; 
a Glossary of Terms ; an Historical Sketch of the Principal Schools of Painting ; 
and a Dictionary of Painters, giving the Copyists and Imitators of each Master. 
By Philippe Daryl, B.A. Crown 8vo, y. 6d. cloth. 

" The bulk of the book is occupied by a dictionary of painters which, considering its small compass, 
is really admirable. We cordially recommend the book."— i^aa'A^rr. 

" Useful as bringing together in a compendious form an almost complete biographical stock of infor- 
mation respecting the painters of the world.*' — Maxfair, 

Woods and Marbles (Imitation of J. 

SCHOOL OF PAINTING FOR THE IMITA TION OF WOODS 
AND MARBLES^ as Taught and Practised by A. R. and P. Van der Burg, 
of the Rotterdam Painting Institution. Illustrated with 24 full-size Coloured 
Plates ; also 12 Plain Plates, comprising 154 Figures. Royal folio, bound, ;f2 I2x. (>d. 
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DELAMOTTE'S WORKS ON ILLUMINATION AND ALPHABETS. 

A PRIMER OF THE ART OF JLLUMJAATJONj for the Use of 

Beginners : with a Rudimentary Treatise on the Art, Practical Directions for its 

exercise, and numerous Examples taken from Illuminated MSS., printed in Gold 

and Colours. ByF. Delamotte. Small 410, 9^. elegantly bound, cloth antique. 

"... The examples of ancient M SS. recommended to the student, which, with much good sense, 
the author chooses from collections accessible to allj are selected with judgment and knowledge, as well 
as xaL&tt.'*—Athenaum. 

ORNAMENTAL ALPHABETS, ANCIENT AND MEDIEVAL, 

from the Eighth Century ^ with Numerals ; including Gothic, Church -Text, large 

and small, German, Italian, Arabesque, Initials for Illumination, Monograms* 

Crosses, &c., &c., for the use of Architectural and Engineering Draughtsmen, 

Missal Painters, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 

&c., &c. Collected and Engraved by F. Delamotte, and printed in Colours. 

New and Cheaper Edition. Royal 8vo, oblong, 2^. dd. ornamental boards. 

** For those who insert enamelled sentences roimd gilded chalices, who blazon shop legends over shop- 
doors, who letter church walls with pithy sentences from the Decalogue, this book will be useful. ** — 
A thenteum. 

EXAMPLES OF MODERN ALPHABETS, PLAIN AND ORNA- 

AIENTaL ; including Getman, Old English, Saxon, Italic, Perspective, Greek, 

Hebrew, Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 

with several Original Designs, and an Analysis of the Roman and Old English 

Alphabets, large and small, and Numerals, for the use of Draughtsmen, Surveyors, 

Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. Collected 

and Engraved by F. Delamotte, and printed in Colours. New and Cheaper 

Edition. Royal Svo, oblong, 2j. dd. ornamental boards. 

*' There is comprised in it every possible shape into which the letters of the alphabet and numerals can 
be formtd, and the talent which has been expended in the conception of the various plain and ornamental 
letters is wonderful." — Standard, 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS, ByF. Delamotte, Illuminator, Designer, and Engraver on Wood. 
Containing 21 Plates and Illuminated Title, printed in Gold and Colours. With 
an Introduction by J. Willis Brooks. Small 4to, 6j. cloth gilt. 

" A volume in which the letters of the alphabet come forth glorified in gilding and all the colours of 
the prism interwoven and intertwined and intermingled, sometimes with a sort of rainbow arabesque.*' — 
Smh. 

THE EMBROIDERER'S BOOK OF DESIGN j containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical Devices, 
Mediaeval and Modem Alphabets, and National Emblems. Collected and Engraved 
by F. Delamotte, and printed in Colours. Oblong royal Svo, is. 6d. in orna- 
mental boards. 

Wood Carving. 

INSTRUCTIONS IN IVOOD-CARVING, for Amateurs; with Hints 

on Design. By A Lady. Handsomely printed, with Ten large Plates, 2s. 6d. in . 

emblematic wrapper. 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt from ' A Lady's ' 
publication.*' — A tkenetum. 

"A xtaX practical guide. It is very complete."— Z/V^rarj^ Churchman, 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical Sketches 
of the Progress of the Art. By Thomas John Gullick, Painter, and John 
TiMBS, F.S.A. Fourth Edition, Revised and Enlarged. With Frontispiece and 
Vignette. In small Svo, 5^. 6d. cloth. 

*^* This Work has been adopted as a Prize-book at South Kensington, 

*' Contains a large amount of original matter, agreeably conveyed, and will be found of value, as well 
by the young artist seeking information as bv the general reader. — Builder. 

" Much may be learned, even by those who fancy they do not require to be taught, from the careful 
perusal of this unpretending but comprehensive treati&e." — Art youmal. 

"We can heartily recommend the work to all who are desirous of understanding what they admire in 
a good painting. — Daily News. 

" A manual suitable for acquiring a good book-knowledge of painting. Many who have no 
intention of becoming artists will find this an interesting work ; it is also one of the best in circulation 
for informing the young student on fine art processkta and their hxitoty,*' ^Artist. 
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AGRICULTURE, GARDENING, etc. 
Youatt and Burn's Complete Grazier, 

THE COMPLETE GRAZIER, AND FARMER'S AND CATTLE- 
BREEDER'S ASSISTANT A Compendium of Husbandry ; especially in the 
departments connected with the Breeding, Rearing, Feeding, and Greneral Manage- 
ment of Stock ; the Management of the Dairy, &c. With Directions for the Culture 
and Management of Grass Land, of Grain and Root Crops, the Arrangement of 
Farm Offices, the use of Implements 3,nd Machines, and on Draining, Irrigation, 
Warping, &c. ; and the Application and Relative Value of Manures. By William 
Youatt, Esq., V.S. Twelfth Edition, very considerably enlarged and brought up to 
the present requirements of Agricultural Practice by Robert Scott Bcjrn, Author 
of "Outlines of Modem Farming," "Landed Estates Management," "Farm 
Management,*' **The Lessons of My Farm,** &c. One large 8vo Volume, 860 pp., 
with 244 Illustrations. £1 is. half-bound. 

" The standard and text- book with the farmer and grazier." — Farmer's Magazine 

"A treatise which will remain a standard work on the subject as long as British agriculture 
endures."— iV^r^ Lane Express (First Notice). 

"The book deals with all departments of agriculture, and contains an immense amount of valuable 
information. It is in fact an encyclopaedia of agriculture put into readable form, and it is the only work 
equally comprehensive brought down to present date. It is excellently printed on thick paper, and strongly 
bound, and deserves a place in the library of every agriculturist." — Mark Lane Ex press (^ccovA Notice). 

" Mr. Robert Scott Burn, an agricultural writer, whose knowledge of the departments of agriculture 
has long been recognised, is the present editor of this standard boik, and he has spared no pains in 
collecting such additional information as very materially and usefully augments the size of the volume. 
, . . No point or detail of any importance is omitted from the index." — Daily Telegraph. 

" Of great value to the farmer, more especially to the young cattle breeder and feeder. . . . 
This esteemed work is well worthy of a place in the libraries of agriculturists." — North British 
A ^culturist. 

" The ' Complete Grazier ' is a valuable publication — in fact, to say so about a work that has reached 
a .twelfth edition is almost superfluous." — Scotsman. 

" A valuable repertory of intelligence for all who make agp'iculture a pursuit, and especially for 
those who aim at keeping pace with the improvements of the age. . . . The new matter is of so 
valuable a nature that the volume is now almost entitled to be considered as a distinct work. " — Bell's 
Messenger. 

History, Structure, and Diseases of Sheep. 

SHEEP : The History ^ Structure^ Economy, and Diseases of. By W. C. 
Spooner, M.R.V.C, &c. Fourth Edition, with fine Engravings, including speci- 
mens of New and Improved Breeds. 366 pp., 4?. cloth. 

*' The book is decidedly the best of the kind in our language." — Scotsman. 

** A reliable text-book." — Stamford Mercury. 

" Mr. Spooner has conferred upon the agricultural class a lasting benefit by embodying in this work 
the improvements made in sheep stock by such men as Humphreys, Rawlence, Howard, and others." — 
Hampshire Advertiser. 

Production of Meat 

MEAT PRODUCTION A Manual for Producers, Distributors, and 
Consumers of Butchers' Meat. Being a Treatise on means of increasing its Home 
Production. Also comprehensively treating of the Breeding, Rearing, Fattening, 
and Slaughtering of Meat-yielding Live Stock ; indications of the Quality ; means 
for Preserving, Curing, and Cooking of the Meat, &c., &c. By JOH\ Ewart, 
Author of ** The Land Improver's Pocket-Book," &c. With numerous Illustra- 
tions. Crown 8vo, 5^. cloth. 

'* A compact and handy volume on the meat question, which deserves serious and thoughtful con- 
sideration at the present time, when the question of the food supply of the country has become one of the 
leading topics of the day." — hfeat and Provision Trades' Review, 

Donaldson and Burn's Suburban Farming. 

SUBURBAN FARMING: A Treatise on the Laying-out and Cultiva- 
tion of Farms adapted to the produce of Milk, Butter and Cheese, Eggs, Poultry, 
and Pigs. By the late Professor John Donaldson. With considerable Additions, 
illustrating the more Modern Practice, by Robert Scott Burn, Author of ** Out- 
lines of Modern Farming," *' Landed Estates Management," ** Farm Management," 
and Editor of **The Complete Grazier," &c. With numerous Illustrations. Crown 
8vo, 6s, cloth. 

" An admirable treatise on all matters connected with the laying-out and cultivation of dairy farms." 
— Live Stock youmal. 
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Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn, 
Author of "Landed Estates Management," *'Farm Management,'' and Editor of 
' ' llie Complete Grazier." Contents : Soils, Manures, and Crops — Farming and 
Farming Economy, Historical and Practical — Cattle, Sheep, and Horses — Manage- 
ment of the Dairy, Pigs and Poultry, with Notes on the Diseases of Stock — 
Utilization of Town-Sewage, Irrigation, and Reclamation of Waste Land. New 
Edition. In One Vol., 1,250 pp., profusely Illustrated, 12s,, half.bound. 

" There is sufficient stated within the limits of this small treatise to prevent a fanner from going far 
I wrong in any of his operations, and some of the suggestions will enlighten the understanding and encourage 
the enterprise of every sensible cultivator of the soiL The author has had great personal experience, and 
his opinions are entitled to every respect." — Observer, 

The aim of the author has been to make his work at once comprehensive and trustworthy, and in 
this aim he has succeeded to a degree which entitles him to much credit." — Morning Advertiser. 

** Eminently calculated to enlighten the agricultural community on the varied subjects of which it 
treats, and hence it should find a place in every fanner's library."— C</^ Press, 
" No farmer should be without it." — Banbury Guardian, 

Amateur Farming. 

THE LESSONS OF MY FARM : A Book for Amateur Agriculturists, 
being an Introduction to Farm Praciice, in the Culture of Crops, the Feeding of 
Cattle, Management of the Dairy, Poultry, and Pigs, and in the Keeping of Farm- 
work Records. By Robert Scott Burn, Author of "Landed Estates Manage- 
ment," **Farm Management," and Editor of **The Complete Grazier." With 
numerous Illustrations. Fcap., dr. cloth. 
"A most complete introduction to the whole round of farming practice.*' — yohn Bull, 

The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the Varieties 
of Lands, Peculiarities of Farms, Methods of Farming, the Setting-out of Farms 
and their Fields, Construction of Roads, Fences, Gates, and Farm Buildings, 
of Waste or Unproductive Lands, Irrigation, Drainage, Plantation, &c. By R. 
ScoTT Burn. With numerous Illustrations, Second Edition, i2mo, 3J-. cloth boards. 

" A complete and comprehensive outline of the duties appertaining to the management of landed 
estates." — youmai of Forestry. 

"A very useful vade*mecum to such as have the care of land." — Globe. 

** Should be in the hands of all young men whose pursuits are in any way connected with land."—- 
Estates Gaaette. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organization of 
Farm Labour, Treating of the General Work of the Farm, Field and Live Stock, 
Details of Contract Work, Specialties of Labour, Economical Management of the 
Farmhouse and Cottage, and their Domestic Animals. By Robert Scott Burn, 
Author of ** Outlines of Landed Estates Management," ** Outlines of Modem 
Farming," and Editor of ** The Complete Grazier." With numerous Illustrations, 
i2mo, 3j. cloth boards. \jfust publishtd. 

Management of Estates and Farms. 

LANDED EST A TES AND FARM MANA CEMENT, By R. Scott 
Burn, Author of "Outlines of Modem Farming," Editor of **The Complete 
Grazier," &c. With Illustrations. Consisting of the above Two Works in One 
Vol., 6j. half-bound. [Now ready. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY, Showing how to prepare 

and lay out the ground, the best means of cultivating every known Vegetable and 

Herb, with cultural directions for the management of them all the year round. By 

George M. F. Glenny, Editor of ** Glenny*s Illustrated Garden Almanack," &c. 

With Illustrations. i2mo, 2s. cloth boards. 

" As a guide o hardy kitchen gardening, this book will be found trustworthy and useful to those who 
cannot spare time to consult more comprehensive and detailed works.'* — North British Agrtcullurist. 

Fruit Trees. 

FRUIT TREES: The Scientific and Profitable Culture of. From the 
French of M. Du Breuil. Third Edition, carefully Revised by George Glenny. 

J i2mo, with 187 Woodcuts, cloth, 4^. 

/ " TAe hook teaches how to prune and train fruit trees to perfection.'*— /^xVA/. 






AGRICULTURE, GARDENING, <Srv. 31 

Qood Gardening, 

A PLAIN GUIDE TO GOOD GARDENING; or, How to Grow 
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, Seeds, 
Planting. Laying-out of Gardens and Grounds, &c. By S. Wood. Third Edition, 
with considerable Additions, &c., and numerous Illustrations. Crown 8vo, 5x. doth. 

"A thoroughly useful guide-book for the amateur gardener." — Daify Telegraph, 

*' A very good book, and one to be highly recommended as a practical guide. The practical direc- 
tions are excellent." — AthetueuMt. 

*' We may very safely commend Mr. Wood's book to all those who aspire to really good ^ardenin^, 
being satisfied that its principles are sound and its directions practical, and that those who take it for their 
manual will be in no danger whatever of being led astray." — Spectator. 

" Written by a practical man, and gives practical instructions which it is easy for amateurs to under- 
stand." — Saturday Review. 

*' May be recommended to young gardeners, cottagers, and specially to amateurs, for the plain, simple, 
and trustworthy information it gives on common matters too often neglected.*' — Gardeners* Chronicle. 

Gainful Gardening, 

MULTUM-INPARVO GARDENING; or, How to make One Acre of 
Land produce ;f 620 a-year, by the Culiivation of Fruits and Vegetables ; also, How 
to Grow Flowers in Three Glass Houses, so as to realise j£^i 76 per annum clear Pro- 
fit. By Samuel Wood, Author of "Good Gardening," &c Third Edition, re- 
vised. With Wood Engravings. Crown 8vo, 2s. cloth. 

*' We are bound to recommend it as not only suited to the case of the amateur and gendeman's gar- 
dener, but to the market fijco'wex.*'— Gardener s Magazine. 

Bulb Culture. 

THE BULB GARDEN; or, How to Cultivate Bulbous and Tuberous- 
rooted Flowering Plants to Perfection. A Manual adapted for both the Professional 
and Amateur Gardener. By Samuel Wood, Author of ** Good Gardening," &c. 
With Coloured Illustrations, Plans, and numerous Wood Engravings. Crown 8vo, 
3^. 6d. cloth. 

** Supplies the want which has hitherto existed of any sufficiently modem work of the kind. The 
book contains practical suggestions as to the arrangement of the flowers, and the growth of flower- roots 
for the trade, as well as for amusement." — Saturday Review. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR; Being a 
Practical Manual on the Propagation of Forest Trees, Fruit Trees, Flowering Shrubs, 
Flowering Plants, Pot Herbs, &c. With numerous Illustrations of Grafting, 
Layering, Budding, Cuttings, Useful Implements, Houses, Pits, &c. By Samuel 
Wood, Author of ** Go<& Gardening," " Multum-in-Parvo Gardening," ** The 
Garden of Bulbs," &c. i2mo, 2s, 6(L cloth boards. [Just published. 

Tree Pruning, 

THE TREE PRUNER : Being a Practical Manual on the Pruning of 
Fruit Trees. Including also their Training and Renovation, with the Best Method 
of bringing Old and Worn-out Trees into a state of Bearing ; also treating of the 
Pruning of Shrubs, Climbers, and Flowering Plants. With numerous Illustrations. 
By Samuel Wood, Author of "Good Gardening," &c. i2mo, 2s, dd, cloth 
boards. \J*^t published. 

Tree Planting, Pruning, and Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. By 
Samuel Wood, Author of **Good Gardening," &c. With Illustrations. Con- 
sisting of the above Two Works in One Vol., 5j. half- bound. \Ju5t published. 

Potato Culture, 

POTA TOES: How to Grow and Show them, A Practical Guide to the 
Cultivation and General Treatment of the Potato. By James Pink. With 
Illustrations. Second Edition. Crown 8vo, 2J. cloth. 

'* A well- written little volume. The author gives good practical instructions under both divisions of 
his subject" — Agricultural Gatette, 
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Hudson's Land Valuer's Pooket-Book. 

THE LAND VALUER'S BEST ASSISTANT: Bein^ Tables on a 
very much improved Plan, for Calculating the Value of Elstates. With Tables for 
reducing Scotch, Irish, and Provincial Customary Acres to Statute Measure, &c. 
By R. Hudson, C.E. New Edition. Royal 32mo, leather, gilt edges, elastic 
band, 4^*. 

" This new edition includes tables for ascertaining the value of leases for any term of years ; and 
for showing how to lay out plots of ground of certain acres in forms, square, round, &c., with valuable 
rules for ascertaining the probable worth of standing timber to any amount ; and is of incalculable value 
to the country gentleman and professional man." — Farmer's y<mrMal. 

Ewart's Land Improver's Pocket-Book, 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULA, 
TABLES^ and MEMORANDA requirfd in any Computation relating to the Per- 
manent Improvement of Landed Property. By John Ewart, Land Surveyor and 
Agricultural Engineer. Royal 32mo, oblong, leather, gilt edges, with elastic 
band, 4^. 
**A compendious and handy little volume." — Spectator. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COMPLETE 
POCKET-BOOK ; consisting of the above Two Works bound together. Leather, 
gilt edges, with strap, yj. td. 

'* We consider Hudson's book to be the best ready-reckoner on matters relating to the valuation of 
land and crops we have ever seen, and its combination with Mr. Ewart's work greatly enhances the 

value and usefulness of the latter-mentioned It is most useful as a mamual for reference." — 

North of England Farmer. 

Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUER'S POCKET ASSISTANT, for the 
Valuation for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally ; with Prices for Inventories, &c. By John Wheeler, 
Valuer, &c. Fourth Edition, enlarged by C. NORRIS. Royal 32mo, price 5^. cloth. 

"A neat and concise book of reference, containing an admirable and clearly-arranged list of prices 
for inventories, and a very practical guide to determine the value of furniture, &c." — Standard. 

" Cram full of valuable information of practical value. It is a trustworthy and compendious guide to 
all sorts of valuation." — Insurance Agent. 

" Contains a large quantity of varied and useful information as to the valuation for purchase, sale, or 
renewal of leases, annuities and reversions, and of propertv generally, with prices for inventories, and a 
guide to determine the value of interior fittings and other effects." — Builder, 

Auctioneering, 

AUCTIONEERS: Their Duties and Liabilities, By Robert Squibbs, 
Auctioneer. Demy 8to, los. 6d. cloth. 

** Mr. Sqtiibbs writes with evident knowledge of his subject, and shrewd common-sense. His book 
^hould be useful to young auctioneers, and serviceable for reference even to old oi\c&.**—ScotsntaH. 
" Every auctioneer ought to possess a copy of this excellent work." — Ironmonger. 

" Of great value to the profession. . . . We readily welcome this book from the fact that it treats 
the subject in a manner somewhat new to the profession." — Estates Gazette. 

House Property. 

HANDBOOK OF HOUSE PROPERTY: A Popular and Practical Guide 
to the Purchase, Mortgage, Tenancy, and Compulsory Sale of Houses and Land ; 
including the Law of Dilapidations and Fixtures ; with Explanations and Examples 
of all kinds of Valuations, and Useful Information and Advice on Building. By 
Edward Lance Tar buck. Architect and Surveyor. Second Edition, i2mo, 
3^. 6d, cloth boards. 

*'The advice is thoroughly practical."— Z^an; Journal. 

" We know of no other work which in a small compass contains so much information upon matters 
generally but imperfectly understood." — Mettopolitan. 

*' Thb 's a well-written and thoughtful work. We commend the work to the careful study of all 
mterested in questions affcciing houses and lund,*'— Land Agents' Record 
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"WEALE'S SERIES" Ac. 





A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL, 

Comprising nearly Thret Hundred and Fif ty distinct viBrks in almost every depart- 
ment 0/ Science, Art, and Educatinn, reiomniended to the nolia of Engineers, Arihitec ts, 
Builders. Artisans, and Studenli generally, as well as to those interested in Worimen't 
Liiraries. Ulerary and Scientific Instilulians, Collegts, Schools, Science Classes, 6v. 6v. 



W " WEALE'S SERIES includes Text-Books on almost every branch of Science 
and Industry, comprising such subjects as Agriculture, Architecture and Building, Civil 
Engineering, Fine Arts, Mechanics and Mechanical Engineering, Physical and Chemical 
Science, and many miscellaneous Treatises The whole are constantly undergoing revi- 
sion, and new editions, brought up to the latest discoveries in scientific research, are 
constantly issued. The prices at which Ihey are sold are as low as their excellence is 
assured."— /^BKnVaw Utctary Gasille. 

" Amongst the lileralure of technical education, Weale's SERIES has ever enjoyed 
a high leputation, and (he additions being made by Messrs. Crosbv Lockwood & Cu. 
render (he series even more complete, and bring the information upon the several subjects 
down to the present time."— iWiflMi^ Joutnal. 

" I( is impassible to do otherwise than bear (esdmony to the value of Weai.e's 
S ER lES. " — Engineer. 

"Everybody — even that outrageous nuisance ' Every Schoolboy' — knows the merits 
of 'Weale's Rudimentabv Series,' Any persons wishing lo acquire knowledge 
cannot do betier than look through Weale's Series and get all ihe books tliey require. 
The Series is indeed an inexhaustible mine of literary weaiih."^ — The Metro folitan. 

" WEALE'S SERIES has become a standard as well as an unrivalled collection of 
all branches of art and science," — PttUic Opinion. 
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CROSBY LOCKWOOD & CO., 
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WEALE 'S BUDHJENTABY SCIENTinC SERIES. 

\* The TohiiDes of this Series are fredy IBiistratcd with Wood- 
cats, or otherwise, where requisite. Throughout the following List it most 
be understood that the books are bound in limp doth, unless otherwise 
stated ; bnt.tkt volmwus marked with a X wuy also be had strongly hound 
in cloth hoards for dd. extra. 

N.B. — In ordering from this List it is recommended, as a wuans of 
facilitating hnsiness and obviating error, to qnote the nnmhers ajixed to the 
volumes, as well as the titles and prices. 

ARCHITECTURE, BUILDING, etc. 

No. 

xt. ARCHITECTURE— ORDERS— TY^^ Orders and their 

ililsthetic Principles. By W. H. Leeds. lUustratcd i/6 

17. ARCHITECTURE—STYLES— Th^ History and Descrip- 

tion of the Styles of Architecture of Various Countries, from the Eariiest to the 
Present Period. By T. Talbot Bury. F.R.I.B.A., &c. Illustrated . . 2/0 
%♦ Orders and Styles of Architecture, in One Vol., 3J. dd. 

18. ARCHITECTURE— DESIGN— Ta^ Principles of Design in 

Architecture, as dedncible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. By Edw. Lacy Garbett, Architect. Illustrated 2/0 

*«* The thru preceding Works in One handsome Vol., half hound, entitled *' MODESN 

Architecture," /nW ts. 

M. THE ART OF BUILDING, Rudiments of. General Prin- 

ciples of Construction, Materials used in Building^, Strength and Use of Mate- 
rials, Woridng Drawings, Specifications, and Estimates. By Edward Dobson, 
M.R.I.B-A.,ftc. Illustrated a/oj 

,3. BRICKS AND TILES, Rudimentary Treatise on the 

Manufacture of; containing an Outline of the Principles of Brickmaking-. 
By Edward Dobson, M.R.I.B.A. With Additions by C. Tomlinson. 
F.R.S. Illustrated 3/0* 

,5. MASONRY AND STONE CUTTING, Rudimentary Treatise 

on ; in which the Principles of Masonic Projection and their applicarion to 
the construction of Curved Wing- Walls, Domes, Oblique Bridges, and Roman j 

and Gothic Vaulting, are concisely explained. By Edward Dobson, 
M.R.I.B.A., ftc lUustrated with Plates and Diagrams a/6* 

4,. COTTAGE BUILDING; or. Hints for Improving the Dwel- 
lings of the Working Classes and the Labouring Poor. By C. Bruce Alxen. 
Architect. With Notes and Additions by John Weale and others. Eighth 
Edition, rerised and enlarged. Numerous Illustrations . . .1/6 

44. FOUNDATIONS AND CONCRETE WORKS, a Rudi- 

mentary Treatise on ; containing a Synopsis of the principal cases of Founda- 
tion Works, mith the usual Modes of Treatment, and Practical Remarks on i 
Footings, Planking, Sand, Concrete, B^ton. Pile-driving, Caissons, and 
Cofferdams. By E. Dobson, M.R.I. B. A., ftc Fourth Edition, revised by 
George Dodd, C.E. Illustrated 1/6 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MAS- i 

TICS, PLASTERING, 6*r., Rudimentary Treatise on. By G. R. Busmrll, j 

C.E. Eleventh Edition, with Appendices , x/6 

57. WARMING AND VENTILATION, a Rudimentary Treatise 

on ; Being a concise Exposition of the General Principles of the art of Warming 
and Ventilating Domestic and Public Buildings. Mines. Lighthouses, Ships, 
ftc. By Charles Tomlinson, F.R.S.. &c lUustrated ... 3/0 

83*»#. CONSTRUCTION OF DOOR LOCKS From the Papers 

of A. C. HoBBs. Esq., of New York. Edited by Charles Tomlinson. 
F.R.S. To which is added, a Description of Fenbv's Patent Lo(^ and 
a Note upon Iron Safes by Robert Mallet. ' Illustrated a/6 

Txz. ARCHES, PIERS, BUTTRESSES, &»c.: Experiment^ 

Es^ys on the Principles of Construction in ; made with a ww to their bemir 
p«:eful to the Practical Builder. By William Bland. lUustrated . 
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Architecture, Building, etc., continued, 
n6. THE ACOUSTICS OF PUBLIC BUILDINGS; of. 

The Principles of the Science of Sound applied to the purposes of the Architect 
and Builder. By T. Roger Smith, M.R. LB. A., Architect. Illustrated . s/^ 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 

Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Tredgold. Illustrated 1/6 

127. ARCHITECTURAL MODELLING IN PAPER, the Art 

of. By T. A. Richardson. With Illustrations, engraved by O. Jewitt . 1/6 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph GwiLT, F.S. A., F.R.A.S. With 23 Plates 5/0 

130. GRECIAN ARCHITECTURE, An Inquiry into the Prin- 
ciples of Beauty in ; with an Historical View of the Rise and Progress of the 
Art in Greece ; being a Supplement to Vitruvius' Architecture. By the 
Earl of Aberdeen. . ^ . i/c 

%* The two preceding Works in One handsome Vol., half bounds entitled "Ancient 

Architecture," price 6j. 

16, 17, 18, 128, and 130, in One Vol., entitled "Ancient and Modern 

Architecture," half bound, i2j. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the 

Erection of, Illustrated by a Perspective View, Plans, Elevations, and 
Sections of a Pair of Semi-detached Villas, with the Specification, Quantities, 
and Estimates, and every requisite Detail, in sequence, for their Construction 
and Finishing. By S. H. Brooks, Architect. New Eidition, with Plates . 2/6J 

156. QUANTITIES AND MEASUREMENTS, How to Calculate 

and Take them in Bricklayers', Masons', Plasterers', Plumbers', Painters', 
Paperhangers', Gilders', Smiths', Carpenters' and Joiners* Work. With Rules 
for Abstracting and Hints for Preparing a Bill of Quantities, &c. &c. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illustrated . 1/6 

175. LOCK WOOD 6- CO:S BUILDER'S AND CONTRAC- 
TOR'S PRICE BOOK (with which is incorporated Atchley's and 
portions of the late G. R. Burnell's " Builders Price Books ") for 1880 ; 
containing the latest Prices of all kinds of Builders' Materials and Labour, 
and of all Trades connected with Building, &c. &c. The whole revised and 
editedby Francis T.W. Miller, Architect and Surveyor . . . . 3/6:J: 

i8«. CARPENTRY AND JOINERY— T^y. Elementary Prin- 
ciples OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions from the Works of the roost 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations 3/6^ 

i82» CARPENTRY AND JOINERY. ATLAS of 35 Plates to 

accompany and illustrate the foregoing book. With Descriptive Letterpress. 4to 6/0 

187. HINTS TO YOUNG ARCHITECTS. By George 

WiGHTWiCK, Architect. New Edition, revised and enlarged by G. HUSKISSON 
GuiLLAUME, Architect. With numerous Illustrations 3/6J 

188. HOUSE PAINTING, GRAINING, MARBLING, AND 

SIGN WRITING: A Practical Manual of, containing full information on the 
Processes of House Painting in Oil and Distemper, the Formation of Letters 
and Practice of Sign Writing, the Principles of Decorative Art, a Course of 
Elementary Drawing for House Painters, Writers, &c., and a CoUection of Use- 
ful Receipts. With Nine Coloured Plates of Woods and Marbles, and nearly 
150 Wood Engravings. By Ellis A. Davidson. Second Edition, carefully 

revised 5/0 

♦,♦ The above in cloth boards, strongly bound, 6s. 

X89. THE RUDIMENTS OE PRACTICAL BRICKLAYING. 

General Principles of Bricklaying; Arch Drawing, Cutting,. and Setting; 
Pointing; Paving, Tiling, Materials; Slating and Plastering ; Practical Geo- 
metry, Mensuration, &c. By Adam Hammond. With 68 Woodcuts . . 1/6 

The X indicates that these vols, may be had strongly bound at 6d. extra, 
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Architecture, Building, etc., continued, 

191. PL UMBING : A Text - Book to the Practice of the Art or 

Craft of the Plumber, with Chapters upon House Drainage, embodying the 
Latest Improvements. Second Edition, revised and much enlarged, containing 
300 Illusts. By Wm. Paton Buchan, Sanitary Engineer. {Just published. 3/6J 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDER'S STANDARD GUIDE, By Richard E. Grandy. 
Second Edition, revised 3/0J; 

205. THE ART OF LETTER PAINTING MADE EASY. 

By James Greig Badenoch. Illustrated with 12 full-page Engravings of 
Examples {Just published, i/o 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Restoration. Wih the Theory of Domes and the Great Pyramid, 
and Dimensions of many Churches and other Great Buildings. By Sir Edmund 
Beckett, Bart., LL.D,, Q.C., F.R.A.S., Chancellor and Vicar-General of 
York. Second Edition, enlarged [Just published. 4/6J 

CIVIL^ENGfNEERilsrG, etc. 

13. CIVIL ENGINEERING, the Rudiments of. By Henry 

Law. C.E., and George R. Burnell, C.E. New Edition, much enlarged 
and thoroughly revised by D. Kinnear Clark, C.E. . [in preparation . 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By G. 

Drysdale Dempsey, C.E. . . . [New Edition in preparation. 

30. THE DRAINA GE OF TO WNS AND B UILDINGS, By 

G. Drysdale Dempsey, C.E. New Edition, Illustrated 2/6 

31. WELL-DIGGING, BORING, AND PUMP WORK, By 

J. G. Swindell. A.R.I.B.A. New Edition, by G. R. Burnell, C.E. . 1/6 

35. THE BLASTING AND QUARRYING OF STONE, 

for Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen, Sir J. Burgoyne, K.C.B. 1/6 

62. RAIL WA Y CONSTR UCTION, Elementary and Practical In- 
structions on the Science of. By Sir Macdonald Stephenson, C.E. 
New Edition, revised and enlarged bv Edward Nugent, C.E. With Statis- 
tics of the Capital, Dividends, and Working of Railways in the United King- 
dom. By E. D. Chattaway. In One Volume 4/0 

80*. EMBANKING LANDS FROM THE SEA, the Practice of. 

Treated as a means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments, and also Practical Remarks on the 
Repair of old Sea Walls. By John Wiggins, F.G.S. New Edition, with 
Notes by Robert Mallet, F.R.S 2/0 

81. WATER WORKS, for the Supply of Cities and Towns. With 

a Description of the Principal Geological Formations of England as influencing 
Supplies of Water; and Detai's of Engines and Pumping Machinery for 
raising Water. By Samuel Hughes, F.G.S., C.E. New Edition, revised 
and enlarged, with numerous Illustrations 4/o!t 

1,7. SUBTERRANEOUS SURVEYING; an Elementary and 

Practical Treatise on. By Thomas Fenwick. Also the Method of Conduct- 
ine Subterraneous Surveys without the use of the Magnetic Needle, and other 
modem Improvements. By Thomas Baker, C.E. Illustrated. . . . 2/6I 

188. CIVIL ENGINEERING IN NORTH AMERICA, A 

Sketch of. By Davio Stevenson, F.R.S. E., &c. Plates and 1 'iagrams. . 3/0 

197. ROADS AND STREETS {THE CONSTRUCTION OF) 

in Two Parfs : I. The Art of Constructing Common Roads, by Henry 
Law. C. E. . revised and condensed by D. Kinnear Clark, C.E. ; II. Recent 
Practice in the Construction of Roads and Streets, including pavements 
of Stone Wood, andAsphalte, by D. K. Clark, M.I. C.E. Numerous Illusts. 4/6! 

203. SANITAR Y WORK IN THE SMALLER TO WNS 

AND IN VILLAGES. Comprising: — i. Some of the more Common Forms 
of Nuisance and their Remedies ; 3. Drainage ; 3. Water Supply. By 
Charles Sla^g, Assoc. Inst. C.E. 2/6J 

212. THE CONSTRUCTION OF GAS- WORKS, and the Manu- 
facture and Di«itribution of Coal Gas. Originally written by Samufl Hughes, 
C.E. Sixth Edition, re-written and much Enlarged by William Richards, 
C.E. With 72 Illustrations [Just published. 4/6J 



TAe t indicates that these vols, may be had strongly bound at 6d. extra. 
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MECHANICAL ENGINEjERING, etc. 

33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
Joseph Glynn, F.R.S., &c. lUustrated 1/6 

34. THE STEAM ENGINE, a Rudimentary Treatise on. By 

Dr. Lardner. Illustrated 1/6 

59. STEAM BOILERS: Their Construction and Management. 

By R.Armstrong, C.E. Illustrated 1/6 

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary 

Treatise on. By Sir Edmund Beckett, Bart, (late E. B. Denison), LL.D., 
Q.C., F.R.A.S. Sixth Edition, thoroughly revised and considerably en- 
larged. With numerous Illustrations 4/6 

*«* T/u above handsomely bound, cloth boards, y. 6d. 

82. THE PO WER OF WA TER, as applied to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Joseph 
Glynn, F.R.S., &c. New Edition, Illustrated 2/0J 

98. PRACTICAL MECHANISM, the Elements of; and Ma- 
chine Tools. By T. Baker, C.E. With Remarks on Tools and Machinely, 
by J. Nasmyth, C.E. Plates 2/6]: 

114. MACHINERY, Elementary Principles of, in its Construction 

and Working. Illustrated by numerous Examples of Modern Machinery for 
different Branches of Manufacture. By C. D. Abel, C.E 1/6 

139. THE STEAM ENGINE, a Treatise on the Mathematical 

Theory of, with Rules at length, and Examples for the Use of Practical Men. 
By T. Baker, C.E. Illustrated 1/6 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Alloying, Turning, Filing, Burnishing, 
Bronzing, &c. With copious Receipts, numerous Tables, and Notes on Prime 
Costs and Estimates. By Walter Graham. Illustrated .... 2/0J 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, Bridges, 
Cranes, Ship-building, &c. &c. By J. G. Winton. Illustrated . . • S/oJ 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. ARMOUR, C.E. Numerous Woodcuts . 2/6^ 

166. POWER IN MOTION: Horse-power Motion, Toothed-Wheel 

Gearing, Long and Short Driving Bands, Angular Forces. By J. Armour, C.E. 2/6 J 

167. THE APPLICATION OF IRON TO THE CONSTRUC- 

TION^ OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. 
Showing the Principles upon which such Structures are designed, and their 
Practical Application. By Francis Campin, C.E. Numerous Woodcuts . 2/6^ 

171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRA WING. By John Maxton, Engineer, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R.S.N. A., South 
Kensington. Third Edition. Illust with 7 Plates and nearly 350 Woodcuts . 3/6! 

190. STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Being an extension of Mr. John Sewell's 
"Treatise on Steam." By D. K. Clark, M.l.C.E. Second Edition, revised. 3/6! 

200. FUEL, its Combustion and Economy; being an Abridgment of 

"A Treatise on the Combustion of Coal and the Prevention of Smoke," by 
C. W. Williams, A.I. C.E. With extensive Additions on Recent Practice in 
the Combustion and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. 
By D. Kinnear Clark, M.l.C.E. With numerous Illustrations. Second 
Ediiion [Just Published. 3/6 J 

202. LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 

Comprising a Historical Sketch and Description of the Locomotive Engine, 
by G. D. Dkmpsey, C.E. ; with larne Additions treating of the Modem 

Locomotive, by D. Kinnear Clark, M.l.C.E 3/0J 

2IX. THE BOILERMAKER'S ASSISTANT in Drawing, 

Templating, and Calculating Boiler Work and Tank Work, with Rules for 
the Evaporated Power and the Horse Power of Steam Boilers, and the Pro- 
portions of Safety-Valves ; and useful Tables of Rivet Joints, of Circles, 
Weights of Metals. &c. By John Courtney, Practical Boiler Maker. 
E dited by.D. K. Clark. C.E With 100 Illustrations . \ Just published 2/0 

The X indicates that these vols, may be had stronsr/v bound at f^d. erir,i. 




^S^o. 






s:4J'SJ 









l-ysra-ss;' 









IV BALE'S RUDIMENTARY SERIES, 39 



PHYSICAL SCIENCE, NATURAL PHILOSOPHY, etc. 

1. CHEMISTRY^ for the Use of Beginners. By Professor George 

FowNES, F.R.S. With an Appendix on the AppUcation of Chemistry to 
Agriculture i/o 

2. NATURAL PHILOSOJrHY, Introduction to the Study of ; 

for the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King*s College School, London. Woodcuts. 1/6 

4. MINERALOGY^ Rudiments of; A concise View of the Proper- 
ties of Minerals. By A. Ramsay, jun. Woodcuts and Steel Plates . . . 3/0J 

6. MECHANICS^ Rudimentary Treatise on; Being a concise 

Exposition of the General Principles of Mechanical Science, and their Appli- 
cations. By Charles Tomlinson, Lecturer on Natural Science in King's 
CoUiege School, London. Illustrated 1/6 

7. ELECTRICITY J showing the General Principles of Electri- 

cal Science, and the Purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With considerable Additions by R.Sabine, C.E., F.S.A. 1/6 

7». GALVANISM^ Rudimentary Treatise on, and the General 

Principlesof Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, revised, with considerable Additions, by Robert Sabine, C.E. 1/6 

8. MAGNETISM; Being a concise Exposition of the General 

Principles of Magnetical Science, and the Purposes to which it has been 
applied. By Sir W. Snow Harris. New Edition, revised and enlarged by 
H. M. NoAD, Ph.D., Vice-President of the Chemical Society, Author of 
" A Manual of Electricity," &C.&C. With 165 Woodcuts s/fij 

11. THE ELECTRIC TELEGRAPH; its History and Progress ; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A., &c. 3/0 

12. PNEUMATICS, for the Use of Beginners. By Charles 

Tomlinson. Illustrated 1/6 

72. MANUAL OF THE MOLLUSC A; A Treatise on Recent 

and Fossil Shells. By Dr. S. P.Woodward, A.L.S. With Appendix by 
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts. 6/6 



* 



Tht above handsomely bound in cloth boards, js. 6d. 



79*\ PHOTOGRAPHY, Popular Treatise on; with a Description 

of the Stereoscope, &c. Translated from the French of D. Van Monckhoven, 
by W. H. Thornthwaite, Ph.D. Woodcuts i '6 

96. ASTRONOMY. By the Rev. R. Main, M.A., F.R.S., &c. New 

and enlarged Edition, with an Appendix on " Spectrum Analysis." Woodcuts. 1/6 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E 1/6 

138. TELEGRAPH, Handbook of the ; A Manual of Telegraphy, 

Telegraph Clerks* Remembrancer, and Guide to Candidates for Employment 
in the Telegraph Service. By R. Bond. Fourth Edition, revised and enlarged ; 
to which is appended, QUESTIONS on MAGNETISM, ELECTRICITY, and 
PRACTICAL TELEGRAPHY, for the Use of Students, by W. McGregor, 
First Assistant Superintendent, Indian Government Telegraphs. Woodcuts . 3/0J 

143. EXPERIMENTAL ESSAYS, By Charles Tomlinson. 

I. On the Motions of Camphor on Water. 11. On the Motion of Camphor 
towards the Light. III. History of the Modern Theory of Dew. Woodcuts i/o 

173. PHYSICAL GEOLOGY, partly based on Major-General 

PORTLOCKS " Rudiments of Geology." By Ralph Tate, A.L.S., &c. Nume- 
rous Woodcuts 2/0 

174. HISTORICAL GEOLOGY, partly based on Major-General 

PoRTLOCK's •• Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. .2/6 

173. GEOLOGY, Physical and Historical. By Ralph Tate, 

174. A.L.S., F.G.S., &c. &c. Numerous Illustrations. In One Vol. . . . 4/6J 

183. ANIMAL PHYSICS, Handbook of. By Dionysius Lard- 

184. NER, D.C.L., With 520 Illustrations. In One Volume, cloth boards. . 7/6 

%* Sold also in Vuoo Parts, as follows : — 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I.-VII. . . 4/0 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.-XVIII. . 3/0 



The X indicates that these vols, may be had strongly bound at 6d. extra. 
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MINING, METALLURGY, etc. 
117. SUBTERRANEOUS SURVEYING, Elementary and Prac- 

tical Treatise on, with and without the Magnetic Needle. By Thomas 
Fen WICK, Surveyor of Mines, and Thomas Baker, C.E. Illustrated . 2/6 J 

133. METALLURGY OF COPPER; An Introduction to the 

Methods of Seeking, Mining, and Assaying Copper, and Manufacturing its 
Alloys. By Robert H. Lam born, Ph.D. Woodcuts 2/6 J 

134. METALLURGY OF SILVER AND LEAD. A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 

R. H. Lamborn. Woodcuts 2/6J 

135. ELECTRO-METALLURGY ; ?xdiC\:ic3\\yTTQ2iiQdi. By Alex- 

ander Watt, F.R.S.S.A. Seventh Edition, revised, with important 
Additions, including the Electro- Deposition of Nickel, &c., &c. Woodcuts. 

{Just published, 3/0 J 

X72. MINING TOOLS, Manual of. For the Use of Mine 

Managers, Agents, Students, &c. Comprising Observations on the Materials 
from and Processes by which they are manufactured ; their Special Uses, 
Applications, Quahties, and Efficiency. By William Morgans, Lecturer 
on Mining at the Bristol School of Mines 2/6]: 

,72» MINING TOOLS, ATLAS of Engravings to Illustrate the 

above, containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. . 4/6 

176. METALLURGY OF IRON, a Treatise on the. Containing 

Outlines of the History of Iron Manufacture, Methods of Assay, and Analyses 
of Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H. Bauer- 
man, F.G.S. Fourth Edition, revised. Numerous Illustrations . . . 4v'6J 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Wakington W. Smyth, M.A., F.R.S., &c.. Chief Inspector of the xMines 
of the Crown and of the Duchy of Cornwall. New Edition, revised and 
corrected. With numerous Illustrations 3/6 J 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE : with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Mnciples of Laying Out and Valuing Mineral 
Properties. By William Lintern, Mining and Civjl Engineer. Wiih 
4 Plates of Diagrams, Plans, &c 3/6J 



FINE ARTS. 



20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

Students and Amateurs in Architecture, Painting, &c. By George Pyne. 2/0 

40,41. GLASS STAINING; or, The Art of Painting on Glass, 

from the German of Dr. Gessert. With an Appendix on The Art of 
Enamelling, &c.; together with T//E ART OF PAINTING ON 
GLASS, from the German of Emanuel Otto Fromberg. In One Volunae. 2/6 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer 2/6 

71. PIANOFORTE, The Art of Playing the. With numerous 

Exercises and Lessons. Written and Selected from the Best Masters, by 
Charles Child Spencer 1/6 

181. PAINTING POPULARLY EXPLAINED, including 

Fresco, Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Minia- 
ture, Painting on Ivory, Vellum, Pottery, Enamel. Glass, &c. With Historical 
Sketches of the Progress of the Art by T. J. Gullick, assisted by John 
Times, F.S.A. Fotirth Edition, enlarged, with Frontispiece and Vignette . 5/0J 

186. A GRAMMAR OF COLOURING, applicable to House 

Painting, Decorative Architecture, and the Arts, for the Use of Practical 
Painters and Decorators. By George Field. New Edition, re-written and 
enlarged, by Ellis A. Davidson. With Woodcuts and Coloured Diagrams. 3/0J 

TA^ J indicates that these vols, may be had strongly bound at 6d. extra. 
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AGRICULTURE, GARDENING, etc. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By 

G. Drysdale Dempsey. C.E. . . . {New Edition in preparation. 

66. CLAY LANDS AND LOAMY SOILS. By Professor 

Donaldson i/o 

131. MILLER'S, MERCHANT'S, AND FARMER'S READY 

RECKONER, for ascertaining at sight the value of any quantity of Corn, 
from One Bushel to One Hundred Quarters, at any given price, from j^i to j^5 
per quarter. With approximate values of Millstones, Millwork, &c. . . i/o 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

Modern Farming.) By R Scott Burn. Woodcuts 2/0 

141. FARMING AND FARMING ECONOMY, Notes, Histori- 

cal and Practical, on. (Vol. 2. Outlines of Moder;^ Farming.) By R. 
Scott Burn. Woodcuts 3/0 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines OF Modern Farming.) By R. Scott Burn. Woodcuts. . 2/6 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines • 
OF Modern Farming.) Woodcuts 2/0 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 

Farming.) By R. Scott Burn. Woodcuts 2/6 

\* Nos. 140-1-2-5-6, in One Vol., handsomely ha If -hound, entitled "OUTLINES OF 
Modern Farming." By Robert Scott Burn. Frtce i2j. 

177. FRUIT TREES, The Scientific and Profitable Culture of. 

From the French of Du Breuil, Revised by Geo. Glenn y. 187 Woodcuts . 3/6J 
198. SHEEP : The History, Structure, Economy, and Diseases of. 

By W. C. Spooner, M.R.V.C, &c. Fourth Edition, considerably eijlargtd, 
with numerous fine Engravings . 3/6J 

201. KITCHEN GARDENING MADE EASY. Showing how 

to Prepare and Lay out the Ground, the be>t means of Cultivatmg every known 
Vegetable and Herb, wiih Cultural Directions for the Management of ihem all 
the year round. By George M. F. Glenny 1/6J 

207. OUTLINES OF FARM MANAGEMENT, and the 

Organization 0/ Farm Labour : Treating of the General Work of the Farm ; 
Field and Live Stock ; Details of Contract Work ; Specialities of Labour ; 
Economical Management of the Farmhouse and Cottage, and their Domestic 
Animals. By Robert SCOTT Burn. Numerous Illustrations. [y«j//«^//jA^f;?. 2/6J 

208. O UTLINES OF LANDED ESTA TES MAN A GEMENT: 

Treating of the Varieties of Lai ds on the Esia.(e ; Peculi^rit'es of its Farms ; 
Methods of Farming; the Sctdng-oul of Farms and their Fields ; the Con- 
struction of Roads Fences, Gales, and the various Farm Buildings ; the several 
Classes of Waste or Unproductive Lands ; Irrigation ; Drainage, Plantntion, 
&c. By R. Scott Burn. With numerous Illustrations . \ J us t published. ufSX 
*^* Nos. 2(yj b* 208 in One Vol., handsomely half-bound, entitled " Outlines OF Landed 
Estates and Farm Management." By Robert Scott Burn. Frice 6s. 

209. THE TREE PLANTER AND PLANT PROPAGATOR : 

Being a Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Floweiing Plants Pot- Herbs, &o. ; with numerous lUus- 
irations of Grafting, Layering, Budding, Cuttings, &c., Useful Implements, 
Houses, Pits, &c. By Samuel Wood, Author of "Good Gardening." 

\JJust published. 2/0+ 

210. THE TREE PRUNER : Being a Practical Manual on the 

Pruning of Fruit Trees, including also their Training and Renovation, with 
the Best Method of bringing Old and Worn-out Trees into a State of Bearing ; 
al^o treating of the Pruning of Shrubs, Climbers and Flowering Plants. With 
numerous Illustraiions. By Samuel Wood, Author of ' ' Good Gardening, " &c. 

[Just published. 2/6t 
*,* Nos. 209 &• 210 in One yol., handsomely half-bound, entitled "The Tree 
Planter, Propagator and Pruni-r." By Samuel Wood. Frice ^s. 



The X indicates that these vols, may be had strongly bound at 6d. extra. 



42 CROSBY LOCK WOOD 6* CO:S CA7AL0GUE. 

ARITHMETIC, GEOMETRY, MATHEMATICS, etc. 

32. MATHEMATICAL INSTRUMENTS, a' Treatise on; in 

which their ConstructioD, and the Methods of Testing, Adjusting, and Using 

them are concisely Explained. By J. F. Heather, M.A., of the Royal 

Military Academy. Woolwich. Original Edition, in i vol.. Illustrated . . i/6 

\* In ordering the above, be careful to say " Original Edition," or give the number in 

the Series (32), to distinguish it from the Enlarged Edition in 3 vols. fNos.i6^-^r7oJ, 

60. LAND AND ENGINEERING SURVEYING, a Treatise 

on ; with all the Modem Improvements. Arranged for the Use of Schools 
and Private Students ; also for Practical Land Surveyors and Engineers. By 
T. Baker, C.E. New Edition, revised by Edward Nugent, C.E. Illus- 
trated with Plates and Diagrams 2/0J 

ei\ READY RECKONER FOR THE ADMEASUREMENT 

OF LAND. By Abraham Arm an, Schoolmaster, Thurleigh, Beds. To 
which is added a Table, showing the Price of Work, from 21. 6d. to £i per 
acre, and Tables for the Valuation of Land, from is. to j^i,ooo per acre, and 
from one pole to two thousand acres in extent, &c. &c 1/6 

76. DESCRIPTIVE GEOMETR F, an Elementary Treatise on ; 

with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGE. To which is added a Description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an Introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By J. F. 
Heather, M .A. Illustrated with 14 Plates 2/0 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts . 2/0 

179. PROJECTION: Orthographic, Topographic, and Perspective : 

giving the various Modes of Delineating Solid Forms by Constriictions on a 
Single Plane Surface. By J. F. Heather, M.A. . . [In preparation, 

*»* The above three volumes will form a Complete Elementary Course of 

Mathematical Drawing. 

83. COMMERCIAL BOOK-KEEPING. With Commercial 

Phrases and Forms in English, French, Italian, and German. By James 
Haddon, M.A., formerly Mathematical Master, King's College School, 
London x/6 

84. ARITHMETIC, a Rudimentary Treatise on : with full Expla- 
nations of its Theoretical Principles, and numerous Examples for Practice. 
For the Use of Schools and for Self-Instruction. By J. R. Young, late 
Professor of Mathematics in Belfast College. New Edition, with Index . . 1/6 

84*. A Key to the above. By J. R. Young 1/6 

85. EQUATIONAL ARITHMETIC, applied to Questions of 

85*. Interest, Annuities, Life Assurance, and General Commerce ; with various 

Tables by which all Calculations may be greatly facilitated. By W. Hipsley. 2/0 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

formerly Mathematical Master of King's College School. With Appendix, 
containing Miscellaneous Investigations, and a collection of Problems . a/o 

86*. A KEY AND COMPANION TO THE ABOVE BOOK, forming an ex- 
tensive repository of Solved Examples and Problems in Illustration of the 
various Expedients necessary in Algebraical Operations. Especially adapted 
for Self- Instruction. By J. R.Young 1/6 

88. EUCLID, The Elements of: with many Additional Proposi- 

& tions and Explanatory Notes ; to which is prefixed an Introductory Essay on 

89. Logic. By Henry Law, C.E. 2/6J 

*,* Sold also separately, viz, : — 

88. Euclid, The First Three Books. By Henry Law, C.E 1/0 

89. Euclid, Books 4, 5, 6, II, 12. By Henry Law, C.E 1/6 

/ fS" The X ifidicates that these vols, may be had strongly bound at 6d, extra. 
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Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SEC- 

TIONS, a Rudimentary Treatise on. By James H ann, late Mathematical 
Master of King's Collie School, London. A New Edidon, re-written and 
enlarged by Professor J. R. Young, formerly of Belfast College . . . 2/0J 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London . . i/o 

92. SPHERICAL TRIGONOMETRY, the Elements of. By 

James Hann. Revised by Charles H. Dowling, C.E 1/0 

*»* Or with *' The Elements of Plane Trigonometry" in One Volume, 2s. 

93. MENSURATION AND MEASURING, for Students and 

Practical Use. With the Mensuration and Levelling of Land for the Purposes 
of Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated 1/6 

xoi». MEASURES, WEIGHTS, AND MONEYS OF ALL 

NA TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhouse, F.R.A.S., &c. . . \_keprinting. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated 1/0 

103. INTEGRAL CALCULUS, Examples on the. By James 

Hann, late of King's College, London. Illustrated i/o 

loi. DIFFERENTIAL CALCUL US, Elements of the. By W. S. B. 

Woolhouse, F.R.A.S., &c 1/6 

105. MNEMONICAL LESSONS— Geometry, Algebra, and 

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 
Penyngton Kirkman, M.A. 1/6 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

instruction. 3y James Haddon, M.A. Revised by Abraham Arman . 1/6 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman . . 1/6 

168. DRA WING AND MEASURING INSTRUMENTS, In- 

eluding — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments Used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A., Author of "Descrip- 
tive Geometry, " &c. &c. Illustrated 1/6 

169. OPTICAL INSTRUMENTS. Including (more especially) 

Telescopes, Microscopes, and Apparatus for producing copies of Maps and 
Plans by Photography. By J. F. Heather, M.A. Illustrated . . .1/6 

170. SURVEYING 6- ASTRONOMICAL INSTRUMENTS, 

Including— I. Instruments Used for Determining the Geometrical Features of 
a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated • 1/6 

»* The above three volumes form an enlargement of the Authors original work, 
** Mathematical Instruments : Their Construction, Adjustment, Testing, and Use" 
which is on sale, price \s. 6d. (See No. 32 in the Series.) 

168. ) MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. f M.A. Enlarged Edition, for the most part re written. The Ttiree Parts 

170. ) as above, in One thick Volume. Numerous Illustrations .... 4/6;$; 

158. THE SLIDE RULE, AND HOW TO USE ITj Con- 

taining full, easy, and simple Instructions to perform all Business Calculations 
with unexampled rapidity and accuracy. By Charles Hoare, C.E. With 
a Slide ^ule, in tuck of cover 3/o{ 

185. THE COMPLETE MEASURER; setting forth the Measure- 
ment of Boards, Glass, &c. , &c. ; Unequal-sided, Square-sided, Octagonal-sided, 
Round Timber and Sione, and Standing Timber. Compiled for Timber- 
growers, Merchants, and Surveyors, Stonemasons, Architects, and others. 
)iy Richard Hjkton. Third Edition, with valuable Additions . . .4/0 
•»* The above, strongly bound in leather, price $s. 

The X indicates that these vols, may be had strongly bound at 6d. extra. 
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Arithmetic, Geometry, Mathematics, etc., continued, 
196. THEORY OF COMPOUND INTEREST AND ANNUI- 

TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest. Discount, Annuities, &c. By Fedor Thoman, of the Soci^t^ Cr^it 
Mobilier, Paris 4/0^ 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 

Methods of Performing ihe various Arithmetical Operations required in Com- 
mercial and Business Transactions ; together with full Explanations of Deci- 
mals and Duodecimals; several Ubcful Tables, and an Examination and 
Discussion of the best Schemes for a Decimal Coinaee. By Daniel O'Gorman. 
Twenty-6fth Edition, corrected and enlarged by J. R. Young, formerly Pro- 
fessor of Mathematics in Belfast College. 3/o;{; 

204. MATHEMATICAL TABLES, for Trigonometrical, Astro- 
nomical, and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of Tables for 
Navigation and Nautical Astronomy. By J. R. Young, formerly Professor of 
Mathematics in Belfast College. New Edition . . [Just published. 3/6J 

MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, ARCHAE- 
OLOGY, the FINE ARTS, b'c. By John Weale. Fifth Edition, with 
numerous Additions. Edited by Robt. Hunt, F.R.S., Keeper of Mining 
Records, Editor of " Ure's Dictionary." Numerous Illustrations . . . 5/0 
*»* The above, stroitf^ly bound in cloth boards, price 6s. 

50. THE LA W OF CONTRA CTS FOR WORKS AND 

SERVICES. By David Gibbons. Third Edition, enlarged . . .3/0^ 

iia MANUAL OF DOMESTIC MEDICINE, By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all cases of Accident and Emer- 
gency. Second Edition, carefully revised 2/cJ 

112.* MANAGEMENT OF HEALTH. A Manual of Home 

and Personal Hygiene. By the Rev. James Baird, B.A i/o 

150. LOGIC, Pure and Applied. By S. H. Emmens. Third Edition 1/6 
X52. PRACTICAL HINTS FOR INVESTING MONEY, 

With an Explanation of the Mode of Transacting Business on the Stock 
Exchange. By Francis Playford, Sworn Broker 1/6 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. -With Notes by S. H. Emmens . . 2/0 

GENERAL HINTS TO EMIGRANTS, Containing No- 
tices of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c. &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World 2/0 

THE EMIGRANT'S GUIDE TO NATAL. By Robert 

James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to the 
present date. Map 2/0 

HANDBOOK OF FIELD FORTIFICATION, intended for 

the Guidance of Officers Preparing for Promotion, and especially adapted to 
the requirements of Beginners. By Major W. W. Knollys, F.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 Woodcuts 3/0J 

THE HOUSE MANAGER: Being a Guide to Housekeep- 
ing, Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, the Table and Dessert, Cellarage of Wines, Hom#-brewing and 
Wine-making, the Boudoir and Dressing-room, Travelling, Stable Economy, 
Gardening Operations, &c. By An Old Housekeeper .... 3/6J 

HOUSE BOOK {The). Comprising: I. The House Manager. 

112. By an Old Housekeeper. H. Domestic Medicine. By Ralph Gooding, 

& M.D. HI. Management OF Health. By James Baird. InOneVoL, 

strongly half-bound . 6/0 



154. 



157. 



193- 



194. 



194. 



112*. 



The t indicates that these vols, may be had strongly bound at 6d, extra. 
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HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. A Text Book for 
Schools and Colleges. By Wm. Douglas Hamilton, F.S.A. , of H.M.'s Public 
Record Office. Fourth Edition, revised. Maps and Woodcuts, ^s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, of 
University College, London, and Edward Levien, M.A., of Balliol College, 
Oxford. 2J. 6d. ; cloth boards, y. 6d. 

7. Rome, Outlines of the History of: From the Earliest 

Period to the Christian Era and the Commencement of the Decline of the Empire. By 
Edward Levien, M.A., of Balliol College. Oxford. Map. zs. 6d.\ cl. bds., y. 6d. 

9. Chronology of History, Art, Literature, and Progress, from 

the Creation of the World to the Conclusion of the Franco-German War. The Con- 
tinuation by W. D. Hamilton, F.S.A., of H.M. Record Office, y.; cl. bds., y. 6d. 

50. Dates and Events in English History, for the Use of Candidates 

in Public and Private Examinations. By the Rev. Edgar Rand, B.A. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. With 

an Introduction to the Study of Comparative Philology. By Hyde Clarke, 
D.C.L. Fourth Edition, is. 6d. 

II*. Philology : Handbook of the Comparative Philology of English, 

Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch or Ger- 
man, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and Portuguese 
Tongues. By Hyde Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and Written. 

Containing above loo.ooo Words. By Hyde Clarke, D.C.L. 3J. 6d.', cloth 
boards, 4J. 6d. \ complete with the Grammar, cloth boards, 5J. 6d. 

48. Composition and Punctuation, familiarly Explained for those 

who have neglected the Study of Grammar. ByJusTiNBRENAN. 17th Edition, ij.6rf. 

49. Derivative Spelling-Book : giving the Origin of every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch. French, Spanish, and 
other Languages ; with their present Acceptation and Pronunciation. By J. 
RowBOTHAM, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. Sixth Edition, carefully corrected, ar. 6d. 

52. Mining and Quarrying, with the Sciences connected therewith. 

First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to the Miners' 
Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, for 

Candidates in Public and Private Examinations. By the Rev. Edgar Rand, B.A. is, 

54. Analytical Chemistry, Qualitative and Quantitative, a Course of. 

To which is prefixed, a Brief Treatise upon Modem Chemical Nomenclature and 
Notation. By Wm. W. Pink, Practical Chemist, &c., and George E. Webster, 
Lecturer on Metallurgy and the Applied Sciences, Nottingham. 2j. 

The School Managers' Series of Reading Books, adapted to 

the Requirements of the New Code. Edited by the Rev. A. R. Grant. Rector of 
Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector of Schools. 



s. d. 
Fourth Standard . .12 
Fifth „ ...16 

Sixth „ ...16 



s. d. 

Introductory Primer . o 3 

First Standard . . .06 

Second ,, . . . o 10 

Third ,, . . .10 

Lessons from the Bible. Part L Old Testament. \s. 

Lessons from the Bible. Part \\, New Testament, to which is added The 
Geography of the Bible, for very Young Children. By Rev. C. Thornton I 
FORSTER. ij. 2</. \* Or the Two Parts in One Volume, aj. I 
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FRENCH. 

24. French Grammar. With complete and concise Rules on the 

Genders of French Nouns. By G. L. Strauss. Ph.D. \s. 6d, 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, on Railways, &c. By Alf. Elwes. is,6d. 

26. English-French Dictionary. By Alfred Elwes. 2s, 

25,26. French Dictionary (as above). Complete, in One Vol., 3^.; cloth 

boards, 3^. 6d. *«* Or with the Grammar, cloth boards, 4r. 6d, 

47. French and English Phrase-Book: Containing Introductory 

Lessons, with Translations, for the convenience of Students ; several Vocabularies 
of Words, a Collection of suitable Phrases, and Easy Familiar Dialogues. li. 

GERMAN. 

39. German Grammar. Adapted for English Students, from Heyse's 

Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and Explanatory. 
By G. L. Strauss, Ph.D. is, 

41. German Triglot Dictionary. By Nicholas Esterhazy and 

S. A. Hamilton. Part I. English -German- French, u. 

42. German Triglot Dictionary. Part II. German-French-English, is. 

43. German Triglot Dictionary. Part III. French-German-Eng. is. 
41,42, German Triglot Dictionary (as above), in One Vol, 3J. ; 

43. cloth boards, 4J. *»* Or with the German Grammar, cloth boards, 51. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course of 

Exercises. By Alfred Elwes. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwes. Vol. i. 
Italian-English- French. 2j. td. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. English- 

French-Italian. 2j. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. French- 

Italian-English. 2J. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., cloth 

32. boards, js. 6d. \* O wit h the Italian Grammar, cloth boards, 8x. 6d. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With a 

Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-English and Eriglish-Spanish Dictionary. Includ- 

ing a large number of Technical Terms used in Mining, Engineering, &c, with the 
proper Accents and the Gendier of every Noun. By Alfred Elwes. 4s. ; cloth 
boards. 5^. *»* Or with the Grammar, cloth boards, dr. 

55. Portuguese Grammar, in a Simple and Practical Form. With a 

Course of Exercises. By Alfred Elwes, Author of *'A Spanish Grammar." 
IS. 6d. 

HEBREW. 
46*. Hebrew Grammar. Br Dr. Bresslau. is, 6d, 

44. Hebrew and English Dictioniary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldee Roots of the Old Testament Post-Rabbinical 
Writings. By Dr. Bresslau. 6s. \* Or with the Grammar, js. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3^. 
44,46. Hebrew Dictionary (as above), in Two Vols, complete, with the 

46*. Grammar, cloth boards, 12s. 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thos. Goodwin, M.A., 
Head Master of the Greenwich Proprietary School, is, 

20. Latin-English Dictionary. Compiled from the best Authorities. 

By the Rev. Thos. Goodwin, M.A. sw. 

22. English-Latin Dictionary; together with an Appendix of French 

and Italian Words which have their Origin from the Latin. By the Rev. Thos. 
Goodwin, M.A. is. 6d. 

20,22. Latin Dictionary (as above). Complete in One Vol., 3^. 6d,; 

cloth boards, 4s. 6d. *»* Or with the Grammar, cloth boards, 51. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by Henry Young, lately 
Second Master of the Royal Grammar School, Guildford, is. 

2. Caesar is Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. Intended for the Use of Schools. 

By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RUSHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis ^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revis-d and improved. With copious Additional 
Notes by Rev. T. H. L. Leary, D.C.L., formeriy Scholar of Brasenose College, 
Oxford. 3s. [7«j/ Published, 

5'. Part I. Books i.- vi., is. 6d. (7}*^^ Published. 

5**. Part 2. Books vii.— xii , us. [just Published. 

6. Horace : Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d, 

7. Horace : Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGG Smith, M.A., F.R.G.S. is. 6d, 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. B. Donne, M.A., Trinity College, Cambridge, is. 6d, 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. J. Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2f. 

11. Terentii Eunuchus, Comoedia. Edited, with Notes, by the Rev. 

James Davies, M.A. is. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes Explanatory and Critical, by the Rev. James 
Davies, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. With 

Introduction, Analysis, and Notes Explaratory and Critical, by Rev. T. H. L. 
Leary, D.C.L., formerly Scholar of Brasenose College, Oxford, is. 6d. 

(just Published. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citift, de Claris Oratoribus Dialogi. With Notes by W. B. Smith, M.A. 21. 

16. Livy : History of Rome. Notes by H. Young and W. B. 

Smith, M.A. Part i. Books i., ii., is. 6d. 

16*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii. is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, and 

Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus, Suetonius, 
Apuleius, &c. Notes by W. B. Donne, M.A. 2j. 

21. Juvenal is Satirge. With Prolegomena and Notes by T. H. S. 

EscOTT, B.A., Lecturer on Logic at King's College, London, as. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philolo- 
gical Researches of the most Eminent Scholars of our own day. By Hans Claude 
Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 

their Significations. Inflections, and Doubtful Quantities. By Henky R. Hamil- 
ton. Vol. I. Greek-English, 2s. \ Vol. 2. English-Greek, 2j. Or the Two Vols, in 
One, 4J. ; cloth boards, $s. 

14, 15, Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6j. 

GREEK CLASSICS. With Explanatory Notes in English. 

I. Greek Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young. New Edi- 
tion, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 

2,3. Xenophon's Anabasis; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., is. 
Part 2. Books iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, is. td. 

S-12. Homer, The Works of According to the Text of Baeumlein. 

With Notes, Critical and Explanatory, drawn from the best and latest authorities, 
with Preliminary Observations and Appendices, by T. H. L. Leary, M.A., D.C.L. 

The Iliad : Part i. Books i. to vi., is. td. Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., is. 6d. 

The Odyssey: Part i. Books i. to vi., is. 6d. Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., and Hymns, 2J, 

13. Plato's Dialogues: The Apology of Socrates, the Crito, and the 

Phaedo. From the Text of C. F. Hermann. Edited, with Notes, Critical and 
Explanatory, by the Rev. James Davies, M.A. 2j. 

14-17. Herodotus, The History of, chit-fly after the Text of Gaisford. 

With Preliminary Observations and Appendices, and Notes, Critical and Explana- 
tory, by the Rev. T. H. L. Leary, M.A., D.C.L. 

Part I. Books i., ii. (The Clio and Euterpe), 2J. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2J. 

Part 3. Books v-vii., (The Terpsichore. Erato, and Poljminia), 2j. 

Part 4. Books viii., ix., (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles : GEdipus Tyrannus. Notes by H. Young, is. 

ao. Sophocles : Antigone. From the Text of Dindorf. Notes, Criti- 
cal and Explanatory, by the Rev. John Milner, B.A. 2j. 

23. Euripides: Hecuba and Medea. Chiefly from the Text of Din- 
dorp. With Notes by W. Brownrigg Smith, M.A., F.R.G.S. js. 6d. 

26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John MrLNER, B.A. is. 6d. 

30. >Cschylus: Prometheus Vinctus : The Prometheus Bound. From 

the Text of Dindorf. Exiited, with English Notes, Critical and Explanatory, by 
the Rev. James Davies, M.A. is. 

32. >Cschylus : Seitem Contra Thebes: The Seven against Thebes. 

From the Text of Dindorf. Edited, with English Notes, Critical and Explana- 
tory, by the Rev. James Davies, M.A. is. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Weise. With Notes by C. S. T. Townshend, M.A. is. 6d, 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book i. is. 

42. Xenophon's Panegyric on Agesilaus. Notes and Introduc- 

tion by Ll. F. W. Jewitt. is. 6d. 

43. Demosthenes. The Oiation on the Crown and the Philippics. 

With English Nott^s Bv tht* Rev T. H. L. Leary, D.C.L., formerly Scholar of 
firasenose College, Oxford, is 6rf. L7<w/ PmhHskid. 



